

















Jobs Run Smooth and Trouble-Free When You 
Use Allis-Chalmers Lo-Maintenance Motors for 


Air-Conditioning, Heating And Ventilating Units 


JOBS THAT keep acting up — demand constant 
servicing — annoy your customers, waste your 
time and your profits! 


That’s why careful engineers are turning to the 
full-measure construction of Allis-Chalmers Lo- 
Maintenance Motors. They know that such out- 
standing features as distortion-less stator, indes- 
tructible rotor and high carbon steel frame are 
their surest guarantee of uninterrupted, trouble- 
free horsepower — and lower costs. 


For powering air-conditioning, heating and ven- 
tilating equipment — on big and little jobs — you 
need the drastic economies — the long life and : —— 


protection these quality motors supply. " 
ATURES! 
To solve your problems and help you get the CHECK THESE FULL-MEASURE _— Liberal 
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A COMPLETE LINE FOR EVERY PURPOSE...ONE-HALF HORSEPOWER AND UP 
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INDUSTRIALIST 
LOOKS AHEAD 


Return of peace will confront in- 
dustrial management and labor 
with the problem of working out an 
“orderly retreat’ from the present 
war boom economy, according to 
W. G. Marshall speaking at the an- 
nual convention of the Pennsylva- 
nia Electric Association held at 
sedford Springs, Pa. 

Mr. Marshall, vice-president in 
charge of industrial relations at the 
Westinghouse Electric and Mfg. 
Co., declared : 

“The heart of the whole prob- 
lem is to work out an orderly retreat 
through collective bargaining. Ii 
this can be done in patience, out of 
it will come an understanding of in- 
dustrial management on the part of 
labor that will mean that the full 
course has been run, that labor has 
come of age, and is prepared for 
some of the responsibilities it has 
sought, but for which it was not vet 
ready. 

“While defense activity will con- 
tinue even after the war beyond any- 
thing we knew prior to the present 
phase, the steam will be off; more 
leisurely production will replace the 
feverish haste that now dominates 
American industry. 

“There will be curtailments of 
employee enrollment, and doubtless 
these curtailments will come just at 
a time when a million or two million 
or more vigorous young men are re- 
turning from service. These boys 
have been given more than moral 
assurances of the jobs they left to 
enter training. 

“Those who have come into in- 
dustry from the farm and elsewhere 
to replace those in service will not 
unhesitatingly give up their places 
to those returning home and, on the 
other hand, management will be de- 
sirous to retain those now trained 
to efficiency. The intense feeling 
of patriotism will be subsiding. 
Then, too, the boys returning are 
not the same who went out. They 


have widened their experiences, but 
their special skills have become 
dulled ; they have changed their out 
look; and a ce.tain restlessness 
must be patiently accepted. In all 
this readjustment of personnel in a 
declining economy, organized labor 
is entitled to express its point of 
view, perhaps pressing for applica 
tion of the principle of © strict 
seniority. 

“Married women will be among 
the first to be furloughed in the re- 
trenchment program. The marginal 
groups and the handicapped will be 
again unemployed. The retirement 
age will again begin to fall, and boys 
and girls just out of school will have 
difficulty in finding jobs. 

“But, even preceding reductions 
in working force, the first shock of 
retrenchment will be taken up by 
reducing the hours of work. The 
work week is already 48 hours in 
many production locations, and with 
two or three shifts in effect. Over 
time will first disappear, and below 
that operations perhaps will go to 
35, 30 and even lower before vast 
reductions in force occur. 

“Will government take the initia 
tive or will management’ It re 
mains to be seen how organized la- 
bor, which will have a very real 
part in the decisions that are made, 
will react to the application of 
‘share the work’ as a policy. The 
problem of working out this part of 
the orderly retreat through collec- 
tive bargaining will represent a ma- 
jor undertaking for industrial man- 
agement.” 


EMERGENCY STEEL 
SPECS STUDIED 


Increased production of Steel from 
existing facilities during the na- 
tional emergency by concentration 
on a minimum number of steel speci- 
fications, compositions, sizes and 
shapes is expected to result from a 
new project launched by the office 
of production management. 

At the request of OPM, three na- 
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tional organizations—the American 


Society for Testing Materials, So 
ciety of Automotive [engineers, and 
the American Iron and Steel Insti 
tute—will carry out the project with 
the collaboration of the war and 


navy departments, under the get 
eral supervision of OPM. An ad 
munistrative Committee to direct the 
work has been formed of represen 
tatives of these five bodies with ad 
visors from other mterested organi 
zations. 

The goal as defined by the ad 
nunistrative committee at its first 
meeting on September 12 is to es 
tablish as promptly as possible a se 
lected list of steel specifications, to 
be designated national emergency 
steel specifications, which in effect 
involves the selection of the mini 
mum number of steel specifications, 
compositions and sections necessary 
to meet the requirements of national 
defense, both direct and indirect 

It is believed that the productive 
capacity of the steel industry, and of 
the manufacturing industries using 
steel for defense equipment, can be 
materially increased with present 
facilities by concentration of produc 


tion upon a reduced number « 
steels, particularly with respect to 
alloy steels. Consideration — will 
necessarily be given to non-defens« 
requirements for steel in establis! 
ing the list of national emergency 
steel specifications. 

It is the intention of OPM, 
through its iron and steel section, 
to use the list as an aid in adminis 
tering steel priorities and alloca- 
tions. The administrative commit 
tee indicated that the purpose is not 
to write new specifications, but pri 
marily to select from existing spect 
fications the practical minimum 


‘ 


Otto W. Armspach announced |: 
month the opening of an office for the 
practice of mechanical engineering at 
221 N. La Salle St.. Chicago. He will 
specialize in air conditioning, venti- 


lating and heating 
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LOOKING FORWARD 


By JOHN HOWATT 
Chief Engineer, Chicago Board of Education 
Member of HPAC’s Board of Consulting and Contributing Editors 


No one would begin a long auto 
journey without a road map. We 
first study the map before starting 
the trip to select our route to de- 
termine where we will travel, and in 
our mind set up a tentative stopping 
place at noen and a stopping place at 
night. Then at the end of the day 
we again study the map and analyze 
our position, decide what progress we 
are making, whether or not we are 
following the right trails, and plan 
further for the journey ahead. 

\ blind man will occasionally hit 
the target but his performance will 
be haphazard and there will be more 
misses than hits. Direction and con- 
tinuity of effort are the most impor- 
tant factors in determining destiny. 
But it is not enough to have an ob- 
jective; the objective itself must be 
worthwhile so when we achieve our 
purpose it will prove to have been 
worth the effort. 

The proper evaluation of different 
efforts in life is one of its most dif- 
ficult problems. The importance 
placed on different things changes 
very materially with the number of 
years we have lived if we develop in 
a normal way. Matters that take first 
rank in importance with those at the 
age of 20 seem trifling to those at 45 

-and there is still further readjust- 
ment in these values beyond 45. Rela- 
tive values change, too, with changing 
conditions and circumstances. So the 
problem of determining what things 
in life are important at any one time 
takes on additional complexities be- 
cause of the changing conceptions of 
value. 

It has been said that experience is 
the best school, but the fees are 
heavy. Without memory man is an 
imbecile, and memory and history are 
much the same. We should remember 
what has gone in the past that it may 
serve as a guide under similar con- 
ditions when repeated in the future. 
We may guide our feet by the lamp 
of experience if we move in its light. 


The wa-hoo bird flew backward so 
he could view the territory over which 
he had passed. But this fabled bird 
was interested only in experience with- 
out any application to his future. 
There may be advantages in_ this 
mode of locomotion, but to those who 
are truly interested in progress their 
concern must lie more in what is in 
the future than what is in the past 
the past is then of value only in ordet 
that we may use it as a guide for 
our tuture, 

Constructive, sensible planning takes 
into consideration all the available 
knowledge on the subject in order 
that we will not be firing blindfolded 
at the target. A successful army in 
the field today credits its victories 
to the careful planning of each move, 
each campaign, and that planning be 
gins with the training of the morale 
and physique of the individual. The 
same technique will win in personal 
affairs. No one can guarantee suc- 
cess in any venture, but it is certain 
that planning followed by continued 
effort toward the desired objective 
will improve its probabilities. 

Our Nation today is engaged in the 
greatest effort in preparedness, as 
measured in money costs, that it has 
ever undertaken. This effort to build 
national defense is being carried 
through after study and planning to 
determine what is most necessary and 
the best way to arrive at the objective. 
The exigencies of the hour make 
speed one of the requisites, so suf- 
ficient time for orderly planning could 
not be had. This haste made neces- 
sary many changes and adjustments 
as the program developed and per- 
haps is resulting in the performance 
seeming out of proportion to the cost. 
But a proper valuation of our objec- 
tives—the preservation of justice, free- 
dom and liberty—will make the cost 
appear secondary. The program has 
direction, continuity of effort and 
worthwhile objectives. It will succeed. 








AID EX-SOLDIERS 
TO FIND JOBS 


Announcing that the selective 
service system will give the same 
assistance in finding jobs for men 
completing their terms of service in 
the regular army, navy or marine 


42 


corps as it does to its own selectees 
and members of the national guard, 
Brigadier-General Lewis B. Her- 
shey, director of selective service, 
urged last month the patriotic co- 
Operation of all employers to see 
that every returning soldier is given 


prompt civilian employment. 


HeAtine 


Pointing out that the selective 
service system has put into opera- 
tion a carefully studied and organ- 
ized reémployment program that 
functions primarily through its io 
cal boards, General Hershey 
stressed that its successful opera 
tion also depends largely upon the 
full codperation of the nation’s in 


dustrialists and other employers. 


PROPOSES TIPPING 
FOR NATIONAL DEFENSE 


Recommendations have been 
made by the defense cooperation 
committee of the National Mineral 
Wool Association to have the asso 
ciation’s field engineers and _ all 
traveling salesmen of member con 
panies stop using coins for tipping 
and, instead, give U. S. defense 
savipg stamps for services rendered 
them. 

Books of stamps, which come in 
10 and 25c denominations and thus 
make possible tips of 10, 20 and 25c 
and other normal amounts, are to be 
furnished the engineers and _ sales 
men in proper quantity before the 
start of their trips, according to the 
plan. 

The use of defense saving stamps 
as tips, NMWA Secretary Wha 
ton Clay explains, is aimed to pro 
mote national unity. “The larger 
the proportion of our population 
owning defense savings stamps, the 
more our people as a whole, will feel 
that they have a personal participa 
tion in the nation’s defense effort 
And, in turn, the more interest they 
will have in seeing these efforts ca! 
ried through without delay or in 
terruptions.” 


60 TO 80 PER CENT OF FAN 
PRODUCTS FOR DEFENSE 


From 60 to 80 per cent of the 
products manufactured by member 
companies of the National Associa- 
tion of Fan Manufacturers are now 
being furnished for defense projects, 
according to an NAFM statement. 
The application of fans and blow- 
ers for these purposes ranges from 
small ventilating blowers to protect 
an individual welder from toxic 
fumes to huge blowers handling 
100,000 cfm of air. 





Famous Last Lines — “By the way, 
let me see. What is your priority?” 
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Where Heat Must Not Fail— 
Install this SAFE Heating Pump! 





In Hospitals, Greenhouses, Schools, Public 
Buildings, Theatres, wherever heating sys- 
tems must not fail, install the Nash Vapor 
Turbine, for it is independent of electric 
current failure, and continues to operate 
as long as there is steam in the system. 


This is because the prime motive power of 
this economical pump is a special steam 
turbine, controlled by a unique “Vapor 
Turbine Valve’, which automatically by- 
passes from the heating main a small 
poftion of steam, the exact amount neces- 


sary to develop the power needed to re- 
move the condensate and maintain the 
required vacuum on the system. Even this 
small amount is passed immediately back 
to the mains, and goes on to the system 
with little heat loss. This pump operates 
on any system, high or low pressure. 


The Vapor Turbine is a most economical 
pump, for the elimination of electric current 
does away with current cost, the largest 
single item in the operation of an ordinary 
return line heating pump. Bulletin on request. 


THE NASH ENGINEERING COMPANY 
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WILSON ROAD, SOUTH NORWALK, CONNECTICUT, U.S.A 
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Two Years of Air Conditioning at 
the Allison Aircraft Engine Plant 
R. D. Tutt, in Charge of Air Conditioning at 


Allison Division of General Motors Corpor- 
ation, Reports on Operation and Maintenance 


REVIEW of the air condi- 
tioning installation at the 
huge windowless blackout 
plant of the Allison Div., General 


Motors Corp., 


at Speedw ay, 


Ind ; 


after approximately two years’ oper 


ation affords an excellent example 


the benefits to be derived from 


of 


air 





PRODUCTION for national defense is 
being immeasurably facilitated by the 
complete air conditioning of many of 
our huge new plants; for the window- 
less, blackout plant, such as that of the 
Allison Div., control of air conditions is 
of course a necessity, both for manufac- 
turing operations, and comfort and effi- 
ciency of the personnel. . Mr. Tutt 
tells here of the first two years of experi- 
ence with this air conditioning installa- 
tion, which has grown in capacity almost 
since its installation. The original equip- 
ment in plant No. 3 had a capacity of 
ibout 800 tons of refrigeration; the peak 
demand is now 3250 tons and there is 
some 850.000 sq ft of space conditioned. 
... Mr. Tutt tells how constant temper- 
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atures—vital to the accuracy of gages 

are maintained and how they are varied 
seasonally. He also discusses the prob- 
lems presented by the industrial exhaust 
systems in relation to air conditioning 
economy, and how they are handled. A 
thorough description of the ventilation 
of heat treat areas is included; ventila- 
tion air is introduced through orifice 
holes in the floor around and adjacent to 
points where the operators of the equip- 
ment are situated ... Mr. Tutt concludes 
with data on operation, maintenance and 
costs . .. The management feels that air 
conditioning is essential in the manufae- 
ture of the Allison aircraft engine by 
maintaining closer manufacturing toler- 
ances and bettering employee efficiency 
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conditioning in defense or 
manufacturing plants where preci 
cision work is a prime requisite. Th 
control of dry bulb te mperature al 
wet bulb conditions is especially i1 
portant to precision gages and | gl | 
machined parts 

The Allison plant No. 3, whicl 
houses the manufacturins 


sembly operations producing aircraft 


engines, has expanded to many 
times its original scope in the two 
years it has been operating \ 
nearly as possible, this expansion ir 
air conditioning has followed th 
lines of the original installatio: 
which was of approximately 800 
tons capacity It now has a peal 
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demand of 3250 tons, handles 1,100,- 
OOO cim, and has grown from 260, 
OOO sq it of conditioned 
about 850,000 sq ft. 

The Allison 
group are of standard construction, 
cinder block with brick facing; the 


contain a 2 in. insulation on 


space to 


buildings of the 


roofs 
steel decks, with a heavy composi 
tion roofing laid on the insulation 
The air conditioning system in 
plant No. 3 is a chilled water instal 
2550 tons of mechanical re 
and 700 


water prechilling are used to secure 


lation ; 
Irigeration tons of well 
the total tonnage. The chilled wate: 
is circulated to a total of 31 
rate air conditioning systems, housed 


sepa 


in 19 separate penthouses, feeding 
all sections of the building. 

Three 650 ton centrifugal “Freon” 
compressors, with 600 hp synchro 
nous motors directly connected to 
each, provide the refrigerating effect 
in conjunction with the two 300 hp 
reciprocating compressors of the 
installation. Heat ex 
with 58 F 


to prechill the 


original 
changers for use well 
first 


water are used 


returning chilled water, which, after 
passing through the heat exchangers, 
is pumped to the compressors and 
chillers for further temperature re- 
duction, until a final chilled water 
temperature of 49 F is obtained. 
Eight centrifugal pumps, capable of 
handling 650 gpm each, carry the 
chilled water to the various air han 
dling systems in the penthouses 
Air handling units are fabricated 
conditioners of various sizes ade 
quate for the respective parts of th 
building they condi 
tioners and their insulated cabinets 
maximum-minimum 
with the 


serve. These 
house a set of 


dampers, interconnected 


return air louvers from which the 
air 1s taken into a capillary ait 
washer. ‘These washers are used in 


winter for humidification and in 


summer for air cleaning and dehu 


midifying. The washers pass their 
spray water through small heat ex 
whose exchange water is 
taken chilled 
or hot water line, depending upon 


changers, 
from the main water 


the season 


A few rf the installed 


units first 


Interior view of plant No. 3, showing ducts 
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depend solely upon these capillai 
washers for air filtering, but in t! 
type air filte: 


main, electrostatic 


are used. Because clean air is « 
prime importance in a manufactu 
ing plant of this type, constant tes 
are run on the filtering systems 
the conditioners, since a 
tively small amount of dirt circ 


CK Mipat 


lated can affect costly products ai 
machinery. 

Water coils of the 
type are used for final cooling a 
dehumidifying, and also for hea 
with hot water in the winter, excey 
buildis 


return bet 


tas 


in those sections of the 
where process steam is availabl 
in whi 


comparatively low cost, 


case separate steam coils are us¢ 
for heating. 

Heavy duty fans are used to 
culate conditioned air in anglk 
bound ductwork, which uses 
velocity, aspirating type air diff 
ers for air distribution, except in the 
original section of the plant, wher 
deflectional grilles are used. T| 
spaces which these systems supp! 
are used as a plenum for the retu 
air, which is finally returned to 
units through a common grille sit: 
ated in the penthouse floor 

Air controls are used to maint 
temperature differential, incorpor 
ing control of the outside atr 
turn air, and chilled or hot w 


; 


means OT alr 


operate 
I 


supply by 


valves on these lines It is inte 


esting to note that since eacl 
serves a separate zone of the bu 
units 


ing, the individual are 1 
zoned in 
their entire capacities as 


Occupancy 


themselves, but mere! 


vary 
sun load, or the 
shifts. 


1 ‘ 


Space Temperatures 


for constant tempera 


The need 
ture necessitates a careful survey « 
daily weather expectations, since 1 
any large increase or decrease | 
outside temperature is expected 
last for any period of time, 
building thermostats are set up 
down to compensate. This conti 
setting must be done very gradual! 
over a period of several hours, sin 
any sudden change in space tempe! 
ature will throw close manufactu: 
ing tolerances off standard. 

The normal design temperatur: 
for the plant is 68 F in winter a1 


78 F in summer. These temper 
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tures were decided upon as being 
the most economical to maintain for 
human comfort and manufacturing 
tolerances. During permanent sea 
sonal change-over, manufacturing 
gages must be calibrated for the 
temperature at which the building 
will be maintained. Since, in sum 
mer, temperature differentials be 
tween inside and outside are some 
times severe, the branches of units 
serving the locker rooms and exit 
lanes generally, are shghtly raised in 
temperature to allow the workmen 
to “warm up” gradually before en 
countering the extremely high out 
side temperatures Two degree 
variation from the design tempera 
tures is the maximum allowed, and 
the imstallations are maintained 
within this limit. 


Plant Hospital 


The Allison hospital, which is sit 
uated inside the plant, is very mod 
ern and is well equipped to handle 
anything from first aid to a minor 
operation. For this reason, con 
trols are installed on the air condi 
lioning unit supplying the hospital 
which will allow the introduction of 
all outside air when an operation, or 
treatment requiring the use of eth 
or other semi-explosive anesthetics, 
is in progress. An exhaust system 
connected to the ceiling air outlets 
(which outlets incorporate a return 
air chamber in the center) dis 
charges all return air to the atmos 
phere during such times 


Industrial Exhaust 


Since all of the circulated air in 
the manufacturing section of the 
building is conditioned, industrial 
exhaust systems are proving to be 
ne of the most serious problems to 
e overcome in the efficient opera 
tion of the air conditioning plant. 


A northwest view of plant No. 3 


In one section of the building 
housing burring operations on mag 
nesium castings, it is, of cours 
necessary to exhaust the magnesium 
dust. <A total of 416,000 cfm condi 


+ 


tioned air is being supplied to th 
section, 25 per cent of which is out 
side air. The exhaust systems are 
taking 200,000 cim to atmospher: 
\ large saving is accomplished by 
taking air from the wet cyclonic 


resters used to collect 


the dust, for 
use in cooling a paint oven conveyor 
system and the further use of this 
same air to supply the paint roon 
spray booths These operations 
would take 75,000 cfm additional 
conditioned air from the manufa 
turing space; hence this amount of 
air is saved bv a relatively small 
amount of ductwork necessarv to 
carry exhaust air through several 
operatior s before throwing the air 


away 


Heat Treat Area 


This method of handling exhaust 
problems 1S used extensively in re 
ducing exhausting of conditioned 
air to a minimum \n interesting 
variation of it is used to ventilate 
the heat treat areas. The newest 
heat treat is housed in a space 160 
ft by 50 ft with a truss line 15 it 
from the floor, and is situated in 
the center of one of tl 
tions \ 70,000 cfm blower of in 


dustrial type is used to supply all 


le new addi 


outside air to the heat treat from a 
penthouse intake through a hank of 


nonfreeze type steam 


i 


innertube 
coils for heating or tempering the 
air in winter, or as a straight venti 
lation system in summer 

The outside air is taken throug! 
a svstem of distributing ducts to a 
9 ft basement under the heat treat, 
where it 1s released to use the base 
ment as a plenum through orifices 
holes in the floor around and ad 


jacent to points at which the opera 
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‘ 


tors of the heat treat equipment ar 


ituated. The ventilation air is the 


taken out of the heat treat by mea 
of mechanical roof ventilators plac 
cirectly above the orifice holes in th 
floor. The capacities of the venti 


lators vary from 3500 to 8000 cfn 
depending upon the amount of ven 
the sectiol 


tilation necessary in 


The orifice holes were size 


1 
‘ 


maintain a uniform pressure in th 
basement section so that no parti 
ular area would suffer because of a 
larger demand elsewhere in the 
] 


} 


eat treat. In a heat treat of 
size, where temperatures of 115 
130 F are common, a reduction of 
12 to 16 F was obtained when the 
uutside temperature was 90. Oj 
course, the actual amount of tet 
perature reduction is strictly d 
pendent upon outside temperatures 
the lower the outside temperatures 
the more nearly the inside tempe1 
ture of the heat treat approaches 
that of the manufacturing sectiot 
Bypass dampers are used arout 
the steam coils for furthet temper 
ture regulation in the winter Phe 
roof ventilators are capable of 
dling a total of 75,000 cfm and 
cidentally, the intakes to these ver 
tilators are connected to sheet meta 
stubs which are run to the truss 
line from the roof line of each vet 
tilator, so that the actual amount 
space handled by the system is o1 
that from the truss line to the floor 
This arrangement resulted in th 
initial cost of equipment being ma 
terially reduced. and still provided 
34 air changes pet 


Since a halan« ( d 


pressure thus exists, verv little ais 


approximate], 
hour in the space 


is robbed from the main conditior 
ing system to supnlv the sectior 
The problem of isolating the «ck 
greasing and parts washing onera 
tions, which added to the moisture 
content of the conditioned air and 
caused oil odor circulation from on 


system to the other. was also solved 
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by housing these operations in sheet 
metal partitioned rooms, introduc- 
ing properly tempered outside air to 
the rooms, and providing adequate 
means for exhausting the air with- 
out disturbing the conditioned air in 
the areas surrounding these opera 


tions. 


Maintenance 


Maintenance and operation of the 
air conditioning equipment is care- 


fully supervised on a 24 hr basis. 


houses and equipment three times 
daily. 


Engineering Building 


The plant No. 2. engineering 
building, a two story, brick faced, 
cinder block structure, featuring 


glass block and very few windows, 
also is conditioned by a centrifugal 
type “Freon” compressor. Two 150 
centrifugal pumps circulate 
chilled units 


gpm 


45 F water to two 





Typical penthouse control panel 


Temperatures and humidity condi- 
tions are carefully noted from read- 
ings taken every two hours by at- 
tendants. An operating engineer is 
in attendance on the centrifugal com- 
pressors on each 8 hr shift, in addi 
tion to the operator assigned to 
handle temperature recording and 
control adjustments on the air han 
dling units. It is estimated that ap 
proximately 900 man-hours per 
month are needed to maintain and 
operate the equipment; this figure 
includes the cleaning of 1200 capil 
lary filters, lubrication, cleaning of 
equipment, minor repairs, the main 
tenance of all exhaust systems and 
ventilation fans in the building and 
a complete inspection of all pent- 
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housed in one standard penthouse, 
handling a total of 52,800 cfm. The 
heat load of this installation is ap- 
proximately 75 tons and 67,000 sq 
ft of floor space is conditioned. 

A constant air condition is main 
tained to keep large scale drawings 
and tracings at a standard size, as 
well as for human comfort. Ceiling 
type outlets were used for air dis 
tribution in conjunction with a 9 ft 
0 in. ceiling, a condition that made 
it necessary to carry a slightly 
higher discharge temperature than 
would otherwise be necessary to 
avoid draft difficulties. The two 
units are identical in general design 
to units used on the main installa 
tion, but use steam coils for heating. 


On both 
temperature 


readings 


installations, gage 


are tal 


every two hours and then recor 
in logs provided for the purp. 


Accurate logs of total hours op 
ated, cost per hour, day, month ; 
year, and unit efficiencies, are m: 
tained for reference and as aids 
better future operation. 


Operating Costs 


In passing, it 


is interesting 


note that, disregarding amortizat 
of initial investment, depreciati 
and the pumping costs of delive: 
condenser water to the compresso: 
the average operating costs of 
air conditioning system at plant 

3 on the basis of a 30 day operati 
month are approximately as 


lows: 


Cost of operating fans $ 


Cost of 
pumps 
Cost of 
Cost of 
(labor ) 


operating 


tion 


operating 


circulating 


compressors 


maintenance 


and opera 


Total cost per month $12,; 


These figures represent a 


Cost 


approximately $17.46 per manufa 


turing hour, 


and 


with 3000 e 


ployees per shift, bring the cost 


employee per hour 


to SO.O058 hy 


the employee relation standpoint 
well as the precision manufactur 


standpoint, the 


management re 


that the air conditioning installat 


at the 


Allison Div. is definitely 


ing in maintaining closer manu 


turing 


ployee efficiency 


tolerances 


and better 


and hene 


essential to the manufacture of 
Allison aircraft engine 


EEE 


CALIBRATE RANGE FINDERS AT 
15 F, 50 PER CENT HUMIDITY 


\ir conditioning is making it pos 
sible to test and calibrate long rang 
anti-aircraft rang 


artillery and 


finders, telescopes and other typ 


of optical instruments under actu 


combat conditi 


constructed calibration room at 
government’s Raritan, N. 


ms 


in a special 


t 


J. arsena 


Constant temperature and humid 


itv conditions necessary 


to acc 


rately calibrate delicate mechanist 


are maintained 
room by a 10! 
svstem 


in 
ton 


the cahbrats 


air condition! 
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Safety valve and vent pipe installation on the exhaust from a topping turbine 


Max W. Benjamin, Engineer, The Detroit Edison Co., 
Presents Better Method Than the “Rules of Thumb” 


IPING designers who have 
faced the problem of sizing 
vent lines for steam safety 
valves are well aware that for many 
years the only basis of design avail 
able to them has been the ASME 


‘ 


boiler code requirement that “when 
a discharge pipe is used, the cross 
sectional area shall be not less than 
the full area of the valve outlet or of 
the total of the areas of the valve 
outlets discharging thereinto, and 
shall be as short and straight as pos- 
sible and so arranged as to avoid 
undue stresses on the valve or 
valves,” or alternatively a rule of 
thumb method which calls for a vent 
line one pipe size larger than the 
safety valve. In many cases this sys 
tem results in a satisfactory solution. 
[here are, however, other situa 
tions in which these rules are of 
loubtful value, and vent lines could 
be designed with more confidence if 
i rational basis were employed. Ex- 


SIZING VENT PIPING for steam safety 
valves is a problem which often may 
be solved successfully by the ASME 
boiler code requirement or by rules of 
thumb. There are, however, many situa- 
tions where these rules are of doubtful 
value, and where such piping could be 
designed with more confidence if a ra- 
tional basis were employed. Such a 
method is given here. . . . The method 
described is in part a practical applica- 
tion of the acoustic velocity limitations in 
the flow of elastic fluids through con- 
duits of uniform cross-sectional area. In 
addition to applying the acoustic velocity 
principle to the flow inside the vent 
pipe, the author introduces the idea that 
where an umbrella fitted vent is used it 
is necessary that the velocity pressure 
in the steam jet leaving the safety valve 
be at least equal to the static pressure 
inside the vent pipe. ... Not only have 
vent lines designed by this method 
proved satisfactory in operation, but 
tests on safety valve capacity have 
vielded incidental data on the vent pip- 


ing which show that the method is sound 
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unples « cas 
which the vent piping 

ally long or where sever 
discharge into a common vent 
ther circumstances proba 
come to the minds of designs 


have dealt with the problem 


In addition to the unusual ft 
tures of some vent line installa 
he h oh ratio of rel ng cap 
o size which 1s provided by som 


the newer safety valve designs 
the inherently hi 
ing from high set pressures, 
make it desirable to disregard 
above rules and design the vent pi 
ing on the basis of a more detail 
inaly sis 

This article presents a method 
calculating the size of safety val 
vent piping which it 
useful in those special cases wl 
require careful consideration. It ha 
been used with success on several 


unusual cases in the author’s experi 




















ence during the last six or eight 
vears and is regularly employed as a 
check on the thumb rule even in 
rather ordinary cases. 


Design Requirements 


There are two important factors 
which must be kept in mind in the 
design of safety valve vents. First, 
the vent must have sufficient capac 
ity to carry away all the steam 
passed by the valve. Second, the 
vent line must be so constructed that 
the thermal expansion, which ac 
companies the passage of steam, will 
not throw stresses into the valve o1 
its connection to the protected ves 
sel. While it does not concern the 
vent design it may be mentioned 
parenthetically that the flow of 
steam through the safety valve itself 
may cause stresses and distortions 
of serious magnitude. This results 
from the high kinetic energy of the 
steam jet leaving the valve and its 
reaction in making the turn through 
the valve outlet elbow. For this 
reason the outlet elbow should be 
connected as close to the valve as 
possible, thus reducing the moment 
arm at which the reactive forces 
occur 

Dessyns to accommodate thermal 
expansion are of two general types, 
each of which presents a problem 
with reference to vent line capacity 
The first design for flexibility in 
volves some sort of flexible but con 


Fig. 1—A typical umbrella fitting 
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Fig. 2—Safety valves and vent ducts on a 550,000 
lb per hr, double barrel, pressure reducing station 


tinuous connection between the 
valve outlet and vent pipe. Shp 
joints and spiral flexible tubing have 
been used for this purpose. The 
other design for flexibility, whic! 
has been used quite generally, 1s the 
discontinuous “umbrella” fitting, 
such as illustrated in Fig. 1. 

Use of a slip joint connection in 
sures against steam blowing into the 
room which houses the safety valve, 
but this type of joint may stick and 
thus fail to protect the valve against 
undue strains. From the capacity 
standpoint the problem is merely 
one of calculating the pressure 
which will exist at the valve outlet 
so as to be sure the vent pipe con 
struction is adequate and that the 
valve capacity will not be impaired 
because of high discharge pressure 

The umbrella type of fitting with 
its generous clearance between valve 
and vent pipe insures freedom from 
sticking and consequent thermal ex 
pansion strains. On the other hand, 


; 
, | ye 


if the vent line is not designed 
erly, steam will blow out into 
room, constituting at least an am 
ance or possibly a hazard eithe: 


adjacent equipment or to person 


Acoustic Velocity 
The author’s article, How to D 
sign Steam Piping for Maximu 
Capacity and High Pressure D1 

which appeared in HPAC for Sey 
tember, 1936, explained in some « 
tail the phenomenon of acousti 

locity in the flow of an elastic flu 
through conduits of uniform diame 
ter. It was pointed out there tl 
the maximum velocity which t 
fluid can attain in such a conduit 
equal to the velocity of sound in t! 
fluid. This limiting velocity will « 
cur at the outlet end of the pip 


since the specific volume of the flui 


will be greatest at the outlet end 


a result of pressure drop in the 


rection of flow. 
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In safety valve vents of the sizes 
ordinarily used, it frequently hap- 
pens that when the safety valve is 
relieving at its maximum capacity 
the acoustic velocity actually is at- 
tained. The important point here is 
that in order to accommodate the 
weight of steam flowing and not ex- 
ceed the acoustic velocity (which is 
physically impossible) the pressure 
at the outlet end of the vent will au- 
tomatically adjust itself to produce 
a specific volume which in conjunc- 
tion with the weight of flow and 
cross-sectional area of the vent pipe 
will produce the acoustic velocity. 
If the vent pipe is of relatively small 
diameter, the specific volume of the 
steam will have to be relatively 
small and consequently the pressure 
at the outlet end may be consider 
ably above atmospheric pressure. 
Pressure inside the entrance to the 
vent pipe will be equal to the outlet 





pressure plus the friction loss from 
entrance to outlet. The final drop 
in pressure to that of the surround 
ing atmosphere will take place after 
the steam is discharged from. the 
pipe. 


The Vent Problem 


The vent line problem already has 
been partially indicated 
tive of the means employed to ob 


Irrespec 


tain flexibility the pressure inside 
the inlet end of the vent should be 
determined so that the thrust on the 
pipe can be calculated. This may 
be particularly important if the vent 
pipe contains offsets, Also, if a 
slip joint or flexible tube connection 
is used between the valve and its 
vent, it is well to know the pressure 
against which the valve will blow 
With high set pressures, the dis 
charge pressure will have little in 
fluence on the capacity of the valve, 


Fig. 3—Factors to be considered in umbrella fitted vent pipe size calculation 











Frictior? /oss 


to be computed ———+ 
by some appropriate nethod 





























eathalpy ard specitic volute, 


Siaeeee at point “A” is determined to suit 
where specific voluime (s calculated 


oe from pipe area, weight of steam 
tlowing, arid assvwined acoustic 
velocity. 


Add friction /oss to pressure 
at point A” to determine 
pressure at point "8" inside 
the vert pipe. 


Pressure, specific volume, and 
velocity determired from nozzle 
forimilas and imiist correspond 
to the weigh? of flow and 
valve outlet pipe area. 

Velocity pressure = 
Velocity, ft per sec, squared 





/p order to have upward flow through the vert 
pipe the velocity pressure of the steam jet must 
be equal to or greater thar the calculated oppos- 

lag static pressure inside the vent pipe. 


9,274 X sp vo/ 
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but for lower set pressure, say up to 


100 psi gage, the use of a long, 
small diameter vent may result in 
valve discharge pressures which will 


While 


no general rule can be laid down 


reduce the valve capacity 


that will apply with equal accuracy 
to all makes and styles of satety 
valves, it is believed that in no cast 
should the calculated discharge pres 
sure imposed on the valve by th 
vent piping be allowed to exceed 40 
per cent of the set pressure. With a 
well designed steam nozzle the ca 
pacity is not affected until the dis 
charge pressure is about 58 per cent 
of the initial pressure. Some safety 
valves are designed like nozzles up 
to the seat and disc, but from seat 
to valve outlet the approximation t 
a nozzle is very poor. In addition to 
the possible effect on capacity it 
important to recognize that in instal 
lations where several valves dis 
charge into the same duct, as illus 
trated in Fig. 2, a high back pres 
sure in the vent may produce und 
sirable disturbances in the pressures 
at which successive valves will pop 

For a vent line equipped with an 
umbrella fitting, calculation of the 
static pressure at the inlet to the 
vent is only half of the problem 
The other half is to determin 
whether steam will blow out of th« 
fitting and into the room In 
answer to this question the author’s 
experience supports the theory that 
it the velocity head of the steam jet 
leaving the safety valve is equal to 
or greater than the calculated stati 
pressure inside the vent inlet th 
design is satisfactory. If the ve 
locity head leaving the valve is less 
than the calculated static pressure 
inside the vent inlet it is quite likely 
that steam will blow out through 
the umbrella fitting. The velocity 
head leaving the valve is beyond 
the piping designer’s control, but 
he can reduce the pressure inside 
the vent by increasing the diameter 
of the piping. If the vent pipe is 
larger than necessary, air will be 
aspirated into the vent and will he 
blown out with the steam—which 
is not objectionable if the vent pip 
is not wastefully large. 


Solution of Problem 


\ certain amount of trial and 


error is required in the calculation 
of a vent size by this method and 
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it is believed that the solution of a 
sample problem is the best way to 
illustrate what needs to be done. 
Let the assumed problem be as 
follows:—To design an umbrella 
fitted vent line for a safety valve 
on a superheated steam main carry- 
ing steam at 900 F. The valve is 
set to relieve at 850 psi gage and 
the rated capacity of the valve is 
44,000 Ib per hr. Diameter of the 
valve outlet is 5 in. The vent line 
has an equivalent length of 120 ft, 
including unavoidable turns 
Solution—Assume pressures of 
50, 25, 10 and 5 psi gage inside the 
valve discharge elbow and deter- 
mine the size of valve outlet needed 
for each of these pressures as indi- 





cated in the table below. These cal- 
culations assume the valve has an 
overall nozzle efficiency of 30 per 
cent in the conversion of available 
heat drop into velocity. The as- 
sumption of an overall nozzle ef- 
ficiency is necessary because test 
data of this sort are not available; 
it would be interesting to have fac- 
tual efficiency data either from valve 
manufacturers or from tests con- 
ducted in users’ plants. The effect 
of assuming the efficiency too high 
will be to select a vent size that is 
too small, and while the assumed 
value of 30 per cent may be low, it 
has resulted in adequate vent de- 
sign in cases with which the author 
is familiar. 

















Initial Pressure Intial Adiabatic Available Actual 
Pressure inside Enthalpy End Point Energy Drop Energy Drop 
Psi ¢ discharge Btu per lb Enthalpy Btu per lb Btu per lb 

elbow Btu per lb (2) (3) 
Psi ¢ (1) 
850 50 1453 1174 279 83.8 
850 25 1453 1137 316 94.8 
850 10 1453 1102 351 105.2 
850 5 1453 1087 366 109.8 
Pressure Actual Velocity Approx Reqd dia of valve 
inside End Point ft per Sp Vol outlet, inches (7) 
discharge Enthalpy sec Cu ft a = 0.22 y Bee x sp vol 
elbow Btu per 1b (5) per lb 2226 ft/sec 
Psi ¢ (4) (6) vo 
= 47.4) ar 
50 1369 2050 10.3 3.36 
25 1358 2180 16.45 4.11 
10 1348 2300 25.8 5.03 
5 1343 2340 32.0 5.55 


1 Adiabatic end point read from Mol- 
lier diagram. Assumes isentropic drop 
from initial conditions to assumed pres- 
cure inside the discharge elbow 

2) Available energy drop = initial en 
thalpy minus adiabatic end point enthalpy. 


3) Actual energy drop = available en 
ergy drop assumed overall nozzle ef- 


ficiency. 


4) Actual end point enthalpy = initial 
enthalpy minus actual energy drop. 
5) Velocity, ft per sec = 


223.7 Vactual energy drop 


6) Specific volume, cu ft per Ib, is 


interpolated from steam tables for as- 
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sumed discharge pressure and calculated 
actual end point enthalpy. 

7) Required valve outlet diameter as 
derived by equating total volume per unit 
time to the product of outlet area in 
square feet times velocity in feet per unit 


time, i.e. 
volume area velocity 
xd 
lb per hour sp vol = veloc 
t < 144 
ity, ft per sec 3600 
576 lb per hr & sp vol 


@ - —-» _ 


O00 x velocity, ft per sec 


/\b per hr > sp vol 
rf o.220l - - 
' velocity, ft per sec 


HEATING, 


From this calculation it appea 
that the pressure at the 5 in. d 
ameter outlet of the valve will 
approximately 10 psi gage, 
velocity of steam issuing from 
valve will be 2300 ft per sec a 
its specific volume will be abo 
25.8 cu ft per Ib. Velocity head 
pounds per square inch for a: 
fluid is equal to v*d/9274, wh 
v = velocity in ft per sec, and d 


density in Ib per cu ft = 1/sp v 
Therefore the velocity head in t 
steam leaving the valve (23 
x 2300) (9274 x 25.8) 


22.1 psi. Hence, for an umbre! 

fitted vent to suit this particular a; 

plication the static pressure insi 

the inlet to the vent including fri 

tion loss and static pressure at t! 

vent outlet must not exceed 22] 
psi gage. 

The vent line pressure is calct 
lated as follows. Assume that 
steam velocity at the vent outlet 
the acoustic velocity. As a first 
trial value the acoustic velocity may 
be taken as 100,000 ft per min, al 
though its true value varies wit! 
pressure and specific volume accord 
ing to the equation 


acoustic velocity = 60 VgnPV 


where g is gravitational accelera 
tion in ft per sec per sec; » is tl 
adiabatic exponent which has 
value of about 1.13 for saturated 
steam and 1.3 for superheated 
steam; P is the final absolute pres 
sure in pounds per square foot, and 
l’ is specific volume at pressure P 
Values of acoustic velocity whi 
are sufficiently accurate for the pu 
pose of this type of problem may 
be read from Fig. 4. 

Assume that a 6 in. 
vent line were fitted to this valve 
With the pipe size, weight of flow 
and velocity all known, there is onl) 
one condition of 
that can exist inside the outlet end 
of the vent; thus specific volume 
equal to 


diamete1 


specific volum: 


pipe area, sq ft acoustic velocity, fp 
flow in lb per min 
With the assumed 6 in. ven! 
specific volume is equa! to 
6.065" & x 
- —— < 100,000 
1 *« 144 


$4,000 


60 
27.4 cu ft per Ib 
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With an enthalpy of about 1340 
Stu per Ib (the approximate value 
it the safety valve outlet minus a 
small allowance for change in veloc- 
ity as the steam flows through the 
vent pipe) the pressure correspond- 
ing to a specific volume of 27.4 cu 
ft per Ib is interpolated from the 
steam tables as about 23.3 psi ab- 
solute or 8.6 psi gage. 

From this point it is necessary to 
calculate the pressure rise back to 
the vent imlet. In all such cases, 
where the velocity of flow is very 
high, the overall length of the pipe 
should be divided into several short 
sections for the purpose of calcu- 
lating the friction loss. The rea- 
son for this is that the relatively 
high pressure change corresponding 
to the high velocity produces varia 
tions in specific volume which 
should be taken into account. Other- 
wise the calculated pressure rise 
will be too high if calculated from 
the outlet back to the inlet, or too 
low if calculated in the direction of 
flow. For this problem let the vent 
line be divided into four sections of 
30 ft each. Using Fritzsche’s for- 
niula the friction loss calculation is 
as follows: 


O8LE*™ & sp vol 


da‘ v7 
where p = friction loss, psi; L 
equivalent length of pipe, ft; 
steam flow, Ib per sec; and d in 


side diameter of pipe, in. Then for 
a vent pipe of 6.065 in. inside di 
ameter, p = 


44,000\, °° 
0.8 X — sp vol X 30 
3600 


6. 55 oT 
= 0.317 sp vol. 
in which the specific volume to be 
used is the average value in the cor- 
responding section of the line. By 
making several trials the appropri- 
ate average specific volume for the 
section at the outlet end is found to 
be 24, 
Then p = 0.317 X 24 = 7.6 
po pir + p = 23.3 + 7.6 = 30.9 psi 
absolute 
sp vol at po = 20.6 
27.4 + 20.6 
Average sp vol = — = 


» 
os 


(to check the average sp vol as- 
sumed for this section) 


For the next section 


Pp = 0317 X 18.9 = 6.0 
pa = p2 + p = 30.9 + 6.0 = 36.9 psi 
absolute 


sp vol at ps = 17.2 
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/00 200 300 400 
Steam Temperature After E, xpatrsior7, F 


500 600 700 800 


bie. +--Approximate values of acoustic velocity for steam 


SY a 
20.6 + 17.2 


\verage sp vol 18.9 


For the next section 
p = 0.317 X 16.2 = 5.13 
ps = pa t+ p = 36.9 + 5.13 12.0 
psi absolute 
sp vol at fr = 15.2 
17.2 -++- 15.2 
Average sp vol 16.2 
lor the section at the vent inlet, 
p — 0.317 K 14.4 = 4.56 
p bs t+ p = 42.03 4- 4.56 = 46.59 


psi absolute 
sp vol at p 13.6 
Average sp vol 144 
Thus the pressure inside the vent 
inlet is calculated as 46.59, or say 
16.6 psi absolute or 31.9 psi gage 
Therefore, as computed for this ex 
ample, the 6 in. vent line would 
be unsatisfactory for use with an 
umbrella fitting because the velocity 
head at the safety valve outlet was 
calculated at only 22.1 psi, which is 
not sufficient to overcome the vent 
line pressure of 31.9 psi gage just 
determined. 
Repeating the pressure drop 
calculations using an 8 in. vent pipe 
produces the following results: 


Pressure at vent outlet 14.7 psi ab 
solute. (In this case the pressure at the 
vent outlet corresponding to the acoustic 
velocity was found to be less than atmos- 
pheric. Therefore the actual velocity, 
with no air inspirated into the vent, will 
be lower than the acoustic and the vent 
outlet pressure actually will be atmos 
pheric. ) 

Pressure at end of first section = 17.9 
psi absolute 

Pressure at end of second section 


20.6 psi absolute. 
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Pressure at end of thir 
psi absolute. 

Pressure inside vent inlet 5.1 1 
absolute 10.4 psi gage 

With a velocity head of 22.1 psi 
in the steam at the safety valve out 
let it is evident that all resistances 
imposed by the 8 in. vent pipe will 
be overcome and an umbrella fitting 
can be used without fear of steam 
blowing out into the room 

It is acknowledged that 
method still requires the exercis¢ 
ol a certain amount of judgment, 
especially in the matter of the over 
all nozzle efficiency assumed for the 
safety valve. The need for making 
this assumption will be eliminated 
only when safety valve test data in 
terms of overall nozzle efficiency ar: 
made available. Beyond that, how 
ever, the method does account for 
variables which do not appear in 
the older rules of thumb and it may 
therefore be considered a bette ap 
proach to the problem. 

A number of successful installa 
tions have been made using-this sys 
tem, some of which required larget 
size vents than would have been 
called for without the more detailed 
study, 











New catalogs, bulletins, 
etc. are reviewed in the 
department “Trade Lit- 
erature” which is pub- 
lished in HPAC monthly 











619 





























WHY PANEL HEATING? 


F.. W. Hutchinson Presents a Part of the Case for 





Panel Heating ... Opinion Pro and Con Requested 


ARADOXICALLY, the 
rapid acceptance of low tem- 
perature panel heating in 
Surope was probably largely due to 
a characteristic of the system which, 
in terms of effective heating, is in- 
consequential; the English and con- 
tinental home owner and architect 
are strongly averse to any visible 
form of heating surface and were 
therefore ready and willing to adopt 
a form of heating which provides 
adequate warmth while remaining 
completely invisible. Thus, the im- 
petus responsible for the prompt 
acceptance of low temperature ra- 
diant heating abroad apparently 
was derived from _ architectural 
rather than engineering advantage. 
However, as the number of panel 
installations increased and operat- 
ing data became available, a number 
of specific engineering characteris- 
tics of panels came to the fore- 
ground and increased attention was 
given to radiant heating by engi- 
neers and heating specialists. Most 
significant of these observations was 
that with low temperature heating 
panels in the ceiling a condition of 
substantial comfort can be realized 
in a room with air temperature 
lower than that needed when ra- 
diators or warm air grilles are the 
sources of heat. _The extent to 
which a reduction in air tempera- 
ture is possible depends upon the 
construction of the building and the 
outside temperature, but European 
experience has shown that a reduc- 
tion of 5 to 8 F is not unusual. 


Humidity Indoors 


Aside from the obvious economic 
advantages of reduced inside, air 
temperature — lower heat loss due 
to infiltration or to ventilation and, 
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in some cases, reduction in trans 
mission losses—there seem to be 
certain intangible advantages in 
terms of comfort and health. Among 
these are said to be higher indoor 
relative humidity, without use of a 
humidifier, and a feeling of in- 
creased “freshness” of the air. 

The effect of lower temperature 
on relative humidity can be easily 
visualized by referring to the sim- 
plified psychrometric chart repro- 
duced here. If saturated outside air 
at 40 I (point a) were heated to 72 
I (point >) the resultant relative 
humidity would be 32 per cent, 
while if heating ceased at 62 F the 
relative humidity would be 45 per 
cent (point c). Then, for an out- 





WHY PANEL HEATING?, a question 
asked in a letter published in the Sep- 
tember HPAC, is discussed here. The 
intent of the author, who is assistant 
professor of mechanical engineering at 
the University of California, is to review 
some of the intangible factors which in- 
fluence the selection of a given type of 
heating system and to show from psy- 
chrometrics, and by reference to current 
ideas regarding “freshness” of air in an 
enclosure, the background for some of 
the claims which have been advanced 
for panel heating. . . . Possible improve- 
ment in the indoor relative humidity 
(without use of a humidifier) is shown 
to be negligible during very cold weather. 
but quite pronounced for moderate out- 
side conditions. . Cooler room air 
reduces the “shock” of leaving an inside 
warm environment since the danger of 
anemia of the mucous membranes of the 
nasal passage is reduced; however, no 
quantitative significance can yet be as- 
signed to this effect. Since the 
heating surfaces in a panel warming in- 
stallation are at a very much lower tem- 
perature than are the surfaces used with 
other types of heating systems, the “bak- 
ing” effect on the air is reduced, and 
there is reason to believe that this factor 
may be significant in improving the de- 
gree of “freshness” which can be realized 
in a closed space. . . . Mr. Hutchinson 
thus summarizes some of the arguments 
for panel heating. The editors will wel- 
come other comment both pro and con 
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side condition as assumed, eac! 
degree reduction of the imside ai 
temperature is responsible for an ny 
crease of approximately 1.3 per cen 
in the indoor relative humidity. Th 
magnitude of this term is clearly 
function of the absolute humidit 
only and the effectiveness of lowe: 
room air temperature as a means oj 
increasing relative humidity there 
fore varies directly as the outsicd 
temperature and the outside relativ: 
humidity. 

In cold weather the improvement 
due to inside temperature reduction 
is slight (0.1 per cent per degree fo: 

10 F, 100 per cent relative hu 
midity outside) while at moderate 
outside temperature the effective 
ness is pronounced (1.9 per cent 
per degree at 50 F, 100 per cent 

The above characteristic is in 
part advantageous, but it also rep 
resents a_ distinct disadvantag: 
Since moderate temperatures exist 
for a relatively large fraction of the 
heating season the value of ck 
creased drying of the inside air is 
realized over the longer interval; 
but when the outside temperature 
becomes very low—the time when 
“drying” of the inside air is nor 
mally most severe—the value ol 
panel heating as a means of raising 
the relative humidity is practically 
negligible. 


Air Temperature 


Effects on health or comfort 0! 
inside air temperature cannot lx 
stated with exactitude. Within th 
limits of present knowledge it 1s 
possible only to call attention 
some observed effects and to con 
ditions which are believed to be © 
significance. 

More important than the actua! 








nside air temperature is the differ- 
nce between inside and outside 
emperatures and the resultant 
shock” experienced by the occu- 
ant as he leaves a heated room. In 
a warm room the membranes of the 
nose are seemingly flooded with 
blood and lymph and covered with 
a thick secretion; when sudden 
chilling occurs the blood vessels of 
the nose constrict, reducing the 
blood supply and lowering the tem- 
perature of the mucous membrane 
which remains swollen with lymph. 
Some authorities believe that this 
anemic condition of the enlarged 
membrane is conducive to infection. 
With radiant heating the internal 
membranes of the nose are subject 
only to energy transfer from the 
cooler room air and the anemia re- 
sulting from sudden exposure to 
low outside temperature should 
therefore be reduced. The quanti- 
tative significance of this factor 
cannot now be evaluated. 


Ion Content of Air 


It is generally recognized that 
there is some vitalizing property of 
outdoor air which has not yet been 
duplicated indoors. Many observ- 
ers believe that this property may 
he associated with the ion content 
of the air. Ions are positively or 








“Open for 1) ° bd ” 





Readers of Heatinc, Piptnc anp Air CONDITIONING are invited 


to contribute their views to these “Open for Discussion” pages, 


which will appear from time to time. Comments on articles we 


have published, expressions of timely interest on developments 


in design, installation, operation or maintenance of heating, 


piping or air conditioning systems, other remarks of value to 
HPAC’s readers — all will be weleomed by . . . . THe Eprror. 





negatively charged molecule clus 
ters and are roughly classified as 
large or small. In nature they are 
produced by cosmic rays, solar ra 
chation and by radioactive elements 


im the soil; their production arti 


heially can be accomplished by 
electrical means and equipment for 
this purpose is available comme 
cially 

Present ideas concerning the et 
fectiveness of ions in producing 
either “freshness” or “stuffiness”’ 
are vague, but two vital facts are 
evident: (1) The passage of outside 
air through ventilating ducts and 
through heating or air conditioning 
equipment is responsible for mate 
rial changes in the ion content of 
the treated space (2) A preponder 
ance of small positive ions is known 


Simplified psych chart 
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to have an adverse eftect on tli 
ability of the occupants 1 think 
clearly and is responsible tor head 
iches and nos¢ itations sma 
negative ions, on the other hand 
predispose LO relaxat on, mcreast 
mental activity and | ( tine ( 


sirable characteristics 
The whole subject of ionization 
s in such a vague state that it 1s 
not now possible to say what value, 
any, may eventually accrue 
deliberate control of ion concentra 
] 


tion by artificial means. 1 
portance of the subject to present 
day heating and air conditioning de 
rives from the fact that equipment 
now in use is itself a factor in the 
determination of the tonic stat 
the conditioned space 

Radiant heating is designed t 
establish comfort with a minimum 
of air heating and such heating as 
does occur results from contact of 
the air with a surface at much lowe1 
temperature (90 to 100 F) than ts 
customary with other systems 
Therefore panels might be expected 
to have Jess of a “‘baking” effect on 
the air in the room and effect to a 
minimum the ion content 

European experience seems to 
demonstrate that a greater feeling 
of “freshness” is experienced in a 
panel heated structure than in on 
heated by straight convection. Lim 
ited experience in this country leads 
to the same result. Whether this 
is a result of the ionic state, or, more 
simply, due to lower air tempera 
ture is not known. In this connec 
tion it is interesting to note that Dr 
Bedford, in summarizing the results 
of a study on subjective impressions 
of freshness, lists seven require 
ments for a pleasant and invigorat 
ing atmosphere; the first of these 
requirements is that the room be as 
cool as is compatible with comfort 
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Why Draft Gage Readings on Boiler 
F'urnaces Sometimes Seem Incorrect 


B. H. Jennings, Professor of Mechanical Engineering 
at Northwestern Technological Institute, Explains a 
Puzzling Paradox, Tells How to Make Corrections 


N analyzing test results from 
boiler furnaces and gas heat 
transfer equipment, data fre- 
quently are found which indicate 





DRAFT GAGE readings sometimes yield 
data that seem erroneous or even im- 
plausible. Prof. Jennings explains here 
that this is due to the difference in the 
mean temperature of the combustion 
gases in the furnace and the temperature 
of the outside atmospheric air—provided 
the measurement taps for the draft read- 
ings are placed at different elevations. 
. .. A correction chart and explanation 
of its use are presented on pp. 625-626 





values for pressure loss in the gas 
passages that seem erroneous or 
even implausible. An example ap- 
peared recently in some test results 
on an oil burning boiler: The draft 
on leaving the boiler at the entry to 
the stack was 0.08 in. of water 
negative and the draft in the com- 
bustion chamber before entering the 
boiler passes was 0.10 in. of water 
negative, according to the data. This 
apparently indicated that the com- 
bustion gases were moving from a 
point of lower absolute pressure in 
the combustion chamber to a point 
of higher pressure at the stack in- 
let, | —0.08 — (—0.10)] or + 0.02 
in. of water. A pressure increase in 
such a case is certainly contrary to 
expectation. The draft gages on the 
test had previously been carefully 
checked (and even interchanged ) 
with no variation in the readings. 
Later, during a test at different ca- 
pacity, the same unit was put under 
a positive pressure of 0.06 ‘n. of 
water in the combustion chamber 
and the leaving draft gage indicated 
0.075 in. of water positive pressure 

confirming the puzzling paradox 
of the previous test by a pressure 
increase, in this case, of 0.015 in. 
of water. 

The explanation of this paradox 
is not difficult. However, so little 
has been written on this phase of 
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drafts that a discussion of the topic 
and presentation of a set of correc- 
tion curves seem worthwhile. The 
situation is not unique to oil burners 
but holds true for coal stokers and 
grates as well. For the solid fuels 
the draft loss across the grate is 
usually so large that the paradox 
remains hidden, but false overall 
pressure drops from ashpit to 
breeching must occur unless suitable 


corrections are applied to the 
ference in drait gage readings. 

It should be noted that in accord 
ance with conventional practice, 
draft has been taken to mean th 
pressure difference existing between 
the air outside and the gases insic 
the furnace at any particular point 
With natural draft, pressures insid 
the furnace are less than those out 
side so a draft gage indicates a pres 


Fig. 1—Altitude-pressure graph for 59 F air at stan- 
dard pressure (14.696 psi = 407.74 in. of 70 F water) 
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ALTITUDE IN FEET ABOVE DATUM AT STANDARD PRESSURE 


401.0 402.0 403.0 404.0 405.0 406.0 4070 408.0 


INCHES OF WATER 
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sure less than atmospheric, really 
negative in character. 


Cause of Errors 


Incorrect pressure difference 


ges 


readings between two draft ga 
can occur whenever the mean tem 
perature of the combustion gases in 
the furnace is different from that of 
the outside atmospheric air pro 
vided, of course, the measurement 
taps for the draft readings are 
placed at different elevations. The 
pressure of the atmosphere varies 
directly with elevation, as is well 
known; this is shown in Fig. 1. 
The pressure in the furnace and 
stack also varies directly with the 
elevation in addition to any influ 
ences of frictional pressure loss and 
kinetic effects. But if the tempera 
ture and thereby the density of the 
furnace gas is different from that of 
the outside atmospheric air it is ob- 
vious that even with no flow in the 


’ 





furnace and consequently no fric 
tional pressure drop there exists for 
two gages attached at different ele 
vations a differential pressure indi 
cation between their readings 
Consider the pressure gradient 
with altitude which would exist in 
a chimney filled with hot gases if 
the flow were momentarily stopped, 
as by the closing of a tight damper 
Fig. 2 (curve G) shows the pres 
sure gradient through 100 ft for 
such a static condition in a chimney 
and boiler filled with flue gas at an 
assumed average temperature of 
330 F. Curve A shows the varia 
tion in pressure with altitude for the 
air outside the furnace, in this case 
taken for a 70 F temperature. Using 
these curves for illustrative pur 
poses, draft gage readings between 
conditions inside and outside the 
chimney are taken at, say, 10 ft and 
30 ft. At 10 ft the draft is 0.39 in 
(negative) and at 30 ft the draft is 
0.31 in. (negative). Commonly the 


Fig. 2—Pressure-elevation graph for 70 F air and 330 F flue 
gas. (The flue gas density is taken as 4 per cent greater than air) 


ELEVATION IN FEET 


406.2 406.4 4066 4068 4070 4072 4074 4076 4078 
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difterence 1 


arait gag 


tween two points is taken to m 


cate the pressure loss becaus 
frictional effects of flow In this 
case a frictional flow loss of |—0.31 


( 0.39) ] o1 0.08 in. of wate 
is indicated, but as there is no flow 
obviously the +-0.08 in. is not 
frictional flow reading—certain! 
not a gain as here indicated 
Suppose flow is taking place in 
chimney with gases at 330 F; th 
shape of the pressure curve 1s not 
like curve G in Fig. 2 but more h 
the dash line D. Even with flo 


? 
wot 2 


there 1s still the column of 
in the chimney and as our reference 
is always to the atmosphere as a 
datum, how much of the measured 
draft at 30 ft (a in.) and at 10 


(> in.) is used in overcoming tri 


tional resistances to flow Obvi 
ously, it is not merely the (—0.2 
in.) at a less the (—0O.16 1n.) at 

or —0.10 in. difference, because the 


--0.08 in. density factor is still pres 
ent even if hidden. The true tri 
tional loss corrected for elevation e¢| 
fects is really [—0.10 (+-0.08) | 
0.18 in. The minus 0.18 in 
indicates a pressure drop of that ab 
solute value. The 0.08 is here taker 
as minus because the density effect 
in question automatically makes 
the pressure readings indicate an 
increase so the sign must be mack 
minus to make the correction 
The curve D really represents the 
loci of draft readings, the horizontal 


distance between curves 4 and Da 


any elevation being the draft gag: 
reading in each case. Because of 
kinetic energy effects, D may have 
unusual inflections as when gases 
are passing through restricted pas 
sageways (dampers, baffles) at high 
velocity. In such cases the pressure 
becomes less in absolute value at the 
points of high velocity moving 
sharply to the left and partly re 

covering pressure as velocity de 

creases after passing the obstack 

Such a condition is indicated on D 
at 15 ft elevation. Near the outlet 
from the stack, also, the gases mov 

ing at some velocity pass from the 
stack and approach zero velocity 
above the stack outlet with a slight 
pressure increase. Because of this 
velocity effect curve D can cross 
over G as shown in Fig, 2 

Fig. 3 shows a boiler furnace with 


draft gages in place. As has been 





























shown, the reading of gage X minus 
the reading of gage Y for the pres 
sure loss through the furnace passes, 


is not correct unless a correction is 


Fig. 3— Diagrammatic furnace 


made for the effect of the varying 
hot-gas column inside and the cold 
air column outside. Nor will gag« 
Z give a correct value for pressure 
loss unless the same correction is 
made. In fact, gage Z connected as 
shown will read exactly the sam 


value as that of XY minus Y 





The Proof 


To prove these statements, first 
consider gage Z. If there were no 


ELE VATION 


with draft gages attached 


flow and the temperatures of gas 
inside and outside the furnace were 
the same. there would be no deflec 


tion and / would be zero. But with 
no flow and hot gas inside the fu 
nace a deflection would occur be 
cause the heavier column of cooled 
and therefore denser gas in the tub 


ing outside the furnace exerts a 


greater pressure than the hot a 
less dense gas inside the furnac 


(This would be opposite to the d 


nl 


rection shown during flow and « 
takes the position shown when t! 
frictional resistance is adequatel 
high to offset this temperature ek 
vation effect.) Gage NX reads 
same value no matter where it is 
cated vertically, provided the gas 
the furnace closely resembles air 
its density characteristics. The g: 
in the left or attachment leg of gag 
X outside the furnace takes 
same temperature as that of 
atmosphere and consequently if 
gage X were lowered to an eleva 
tion such as that of Y there wou 
be an increase in atmospheric pri 
sure with lowered elevation on 
right leg but this would be exact 
balanced out by the gas colum: 


the tubing cooled to atmospher 
temperature in the left leg. Tl 
rage NX reads the same whether | 1g 
or low on the boiler for the sar 
tubing inlet point. Furthermor 
when X is placed at the level of 
as the atmospheric pressure is t! 
same for both X and Y it is ob 
ous that reading XY minus reading 
Y must equal the reading / of gage 
Z. It is perhaps unnecessary 
note that variations in _ horizont 
displacements of gage tubing o1 
gas channels through a furnace c 
have no effect on the gage reading 
caused by gas density variations 
Corre:iion curves have been pl 


’ 
; 


ted in the graph on p. 626 to 
the real magnitude of pressut 
changes when these are made ind 
pendent of temperature and elev 
tion effects. In use their applicati 


is simple, as explained on p. 62 


~ 





A new type of shatterproof, non-com- 
bustible side wall and roof construction 
combining three types of glass fiber and 
prefabricated steel panels is being used 
to insure insulation and acoustical con- 
trol for working efficiency in the twin 
1000 ft long army bomber assembly 
plants being erected at Fort Worth. Tex.. 
and Tulsa, Okla. Engineers of the Austin 
Co., who designed both plants, evolved 
the ingenious combination in an entirely 
new approach to the task of insulating 
vast factory areas for economical year 
‘round air conditioning. 

With a total of 406 carloads of fiber 
glass required for these jobs—203 car- 
loads for each plant—they will probably 
contain more glass in their windowless 
steel side walls and roofs than the largest 
daylight factories ever built. By blanket- 
ing all interiors with several layers of 
these materials. which are calculated to 
eliminate or control all condensation and 
to reduce heat transference to a practical 
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minimum, the cooling load has been sub- 
stantially reduced. The plants are so 
large, however, that each requires 7000 
tons of refrigeration for air conditioning. 





The photo shows workmen unrolling 
some of the white glass wool which 
blankets roofs and walls. Runner chan 
nels. which are welded to the steel! 
purlins 33 in. on centers, support the 
% in. ribbed expanded metal lath on 
which is spread a thin, light reflecting 
mat of fiber glass and a 3 in. blanket of 
white fiber glass, which affords sound 
absorption, fire resistance and insulation 
This, in turn, is covered by a metal deck 
some of which is already in place in the 
foreground. Sections of this rigid metal! 
deck serve as temporary working plat 
form for the men who are placing the 
fiber glass mat and insulation in thi: 
view. Note the manner in which the 
are lapping the edges to insure complet: 
coverage. 

Several layers of a special vapor sea 
paper. asphalt and fiber glass insulating 
board are still to be applied above thi 
metal deck and the entire surface wil! 
he covered by waterproof materials 


} 


~ . » ( | 
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orrection Chart for 
Draft Readings 


By B. H. Jennings 


Professor of Mechanical Engineering 
Northwestern Technological Institute 


S explained in some detail 
2? 


in my article on p. 622 of 


this month’s H PAC, incor 
rect pressure readings between two 
draft gages used in running tests 
on boiler furnaces and gas heat 
transfer equipment can occur when 
ever the mean temperature of the 
combustion gases in the furnace is 
different from that of the outside air 
(provided, of course, the measure 
ment taps for the draft readings are 
placed at different elevations). 

The chart on the next page gives 
correction curves which may be 
used to find the real magnitude of 
the pressure changes independent of 
temperature and elevation effects. 
The use of these curves is quite 
simple : 

1) The draft gage reading at the 
downstream point in the gas flow is 
used and recorded with its appro 
priate sign, plus if greater than at- 
mospheric and minus if less than 
atmospheric. 

2) The draft gage reading at the 
upstream (earlier) point of gas flow 
is also recorded with its appropriate 
sign. 

3) The difference when 
with its proper sign is algebraically 


(2) 


subtracted from (1) represents the 
uncorrected pressure drop 

4) For the difference in eleva 
tion between (1) and (2) and for 
the average flue gas temperatur: 
read the correction from the chart 


on the next page. This is algebrax 


ally minus when (1) is at highes 
elevation than (2) 
5) Algebraically combine 3) 


with (4). A minus sign indicates 
a pressure drop which is to be ex 
pected in the direction of flow 

6) In the less usual case when 
the downstream point (1) is lower 
in elevation instead of higher than 
(2) the correction in (4) from the 
chart algebraically carries a plus 
sign. 

An example will 
method of applying the correction. 


illustrate the 


The flue gases leaving the third pass 
of a boiler show a j 

0.10 in. of water (i. 
less than atmospheric) and the draft 


pressure ol 
a pressure 


tap is 18 ft above boiler floor level 
The pressure over the fire is 0.09 
in. of water and the draft tap is 6 
ft above boiler floor level. The av 
erage gas temperature is considered 
as 1400 F 
question. It is desired to find the 


through the passes in 


Heatine, Princ anp Am Conprrioninc, Octroser, 1941 





ow oOou i 
Wate 1s thre ‘ recte ‘ 
Reading from the irt for Ly 
I’ flue gas shows a irre 
0.12 with 70 F 
vation of 18 6 or 12 ft he 
rected pressure drop is t Is UU 
0.12) 0.13 in. of water ( 


rue pressure drop is therefore 


in. of water in absolute magnitude 


his example indicates how « 
treme the inaccuracy can be w 
corrections are not n acl to the 
draft gage readings. This may b 


particularly important when 


parisons of pressure drops throug 
different portions of a boiler setting 
are considered. The total pressur: 
drop indicated for two points in 

boiler setting can be less than tl 

indicated between intermediate 
points if different elevations of thx 
tap points exist. Bad restrictions 

pass design and baffling may be e> 
perimentally obscured and lead t 
false conclusions unless a prope: 
terpretation of the data obtained 


made. 


I 


; 














€' 


21 V1 O01 


esnjpesoduiey sea ony St pf ‘etes weespsda ueyl UOTRAae 40 
odes wWerel|suUMOp UeYM snuru SI UOT}VAII0) “11 UPY) JarTARey yueo 
ied , sea ony pue are A OL uo peseq “wey UOTII1IO0 ssop- yea 


yay ye st 


YILVM 4O SBHONI‘NOILDSYYOD Livuad 



































Ce Os ae ee ae ee 
/ 
LE MUN | 
LEM Z 
VHAUNLY NIN 
AM NLLALAT |] 
YG AMIS 1 

















. ee 
































4 J AR 4 
8 LV AAAS 
MVVAAANV VIZI EL 
oft ALL / 
(A's ae Be OA aN I 
ALE UM YM RIV) [| Va 











° 
> 
ia 
° 0 


»/ |» 


° Sizy 





ZV 4 


WN 
Ne 

































































Z Z 


























[aded Zurpeseid uo ven jo uoneucdxe vag] 











| Ol 


oe 


09 


OL 


06 


OOl 


1334 NI LHSISH 





Hearinc, Princ anp Am Conprrioninc, Ocroser, 194! 


62 











fg hae! 


Pe es 








INDUSTRY’S GREATEST 
TRANSPORTATION SYSTEM 


Improved Process Piping Aids Distilling 


at Calvert 


By S. J. 





INDUSTRY'S greatest transportation sys- 
tem is—without a doubt—piping. Judged 
by the number of miles of thoroughfare, 
amount and variety of materials con- 
veyed and its importance to production, 
the piping installed in industrial plants 
represents a most vital highway for 
getting things from one place to another. 

. Each different type of plant requires 
many piping facilities more or less com- 
mon to all plants, and in the majority 
of cases piping which is more or less 
specialized to meet its particular needs 


is also essential. 


systems designed for specialized 
tions have many features which 
often be adapted to advantage in 


industries. . . . 


at the Louisville plant of the Calvert 
Distilling Co. for the manufacture of 
pure grain spirits and whiskies, which 
is described here by Mr. Paradiso of 
Calvert, will be of interest to all con- 
cerned with the design, installation, 
the operation and maintenance of “in- 


. 
dustry’s 


greate 


st transportation 


system 


But even these piping 
func- 

can 
other 
For this reason, the piping 





N developing the processes for 

manufacturing pure grain spir- 

its and whiskies at the Louis- 
ville plant of the Calvert Distilling 
Co., it was necessary to install pip- 
ing of many different materials and 
of unusual and special design. 

Rigid control is exercised in han- 
dling the materials in process from 
the time they evolve 
until they are finally packaged as a 
distilled alcoholic beverage. Cleanli- 
ness, sanitation and optimum condi- 
tions are of utmost importance in 
processing the grains and in elimi- 
nating contamination caused by un- 
desirable organisms. 

Specially fabricated 
fittings and connections were in- 
stalled in order to eliminate traps 
and pockets in the piping. Specially 
fabricated plug and diaphragm con 
trolled valves were 
valves are of bronze 


as a grain mash 


wide sweep 


used. These 
so that the al- 
coholic liquors will not be discol- 


ored, 


Piping Identification 


In designing the process piping 
system, Calvert engineers complied 
with government regulations which 
require all pipe lines carrying whis- 


The master control board. Many of the 
control lines are machined to three deci- 
mal figures in order to obtain accuracy 


key, alcohol, 


fermented mz 


ter, fusel Ol 


compressed carbon dioxide 
that the 
A further requirement 


erectec 1 So 


traced easily. 


is that all such pipe lines be painted 
certain designated colors 
to the materia! which passes through 


each. These 


ing : 


Red.... Mz 


material 
Gray....\ 


ing mate 


Whiskey, ak oh il, 


Black... 
product. 
Blue....\ 


alcoholic 
ish, stillage, 
l, ct my yressed 


lines 


colors are the 


ash, beer or other 


lolasses or other 


rial, 


apor, high wine, 


or unfinished spirit 


Brown 

Yellow.. 

White 
\luminum 


Stillage 
Fusel oil 
Water. 


steam 
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wink 


Paradiso 


(Jrang¢ \u 

(sreen (Carbon diox! 
Furthermore, all lines carrying 
kind from the stills t 


wine 


spirits of any 
the high 
must be 


room storage tanks 
so constructed that no ma 
terial may be removed from the pip 
lines. All fittings, valves, etc., are 
under government lock and seal, and 
such fittings may be opene: 


der government supervision 


Cleanliness Vital 


Copper piping is used in the ter 


menting room because of the acid 
characteristics of the mash l] 
alloy steel fermenting vessels are 


covered to prevent pollution by ba 


teria laden air. Since corners am 


crevices are ideal places for mash 
and breed undesirable ba: 


f the 


to ke ulge 


teria, all « leading to 


piping 


and from the fermenters is provided 


with distinctive wide sweep bend 


The carbon dioxide draw-off lines 


coming from the tops of the fer 
designed to allow a 


th 


menters are 


minimum pressure drop, and 
are equipped with lubricated plu 
valves which prevent sticking 

\ dairy type pipe line is used 


hill the fermenters ; its special desig: 



































Top lejtYermenter room of the Louis- 
ville plant of the Calvert Distilling Co. 
Note the wide sweep bends on the car- 
bon dioxide vapor draw-off lines and the 
lubricated plug valves. The dairy type 
fill line may be seen running down the 
length of the fermenter room between 
the banks of fermenters. . . . Top 
right Feed pump installation. The 




















gooseneck effect on the inlet side of the 
pumps prevents clogging. Note the dia- 
phragm controlled and specially lubri- 
cated plug valves. . . . Bottom left—Ven- 
turi piping arrangements to measure the 
quantity of feed to the stills accurately. 
Control lines for the spirit unit are in 
the background. . . . Bottom right—Vapor 
draw-off lines from vacuum operated 


stills. The large line in the foreground 
is the draw-off line from the whiskey 
beer still. The smaller line in the back- 
ground is the vapor draw-off line from 
the whiskey column which is operated at 
68 mm Hg absolute pressure. The pa 
tially visible unit on the left of the photo 


is the double stage steam ejector which 


pulls the vacuum on the still units 
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Top left—Control lines from whiskey, the desired converting temperature. . . lubricated plug valves used on all lin 


gin and re-run stills to the master con- Bottom left-- View showing copper tubes ind the special lock arrangement de 


trol hoard. . . . Top right—This exchan- of cooler. . . . Bottom right—-A portion signed to comply with government regu 


ger is used to cool the cooked mash to of the pump and filter room. Note the lations, as is described by Mr. Paradiso 
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makes it possible to transter mash 
to any fermenter with the shortest 
possible length of pipe and without 
using a single valve. 

A gooseneck fill spout is inserted 
in a convenient coupling connection 
in the dairy type line. The fill spout 
is placed in the side porthole of the 
fermenter, and the line is then ready 
for use. This arrangement makes it 
simple to keep the line clean, for 
there are a minimum number of 
bends to catch and collect mash. An 
additional requirement of the piping 
is that it must withstand the changes 
in temperature from the live steam 
at 12 psi pressure (used during 
sterilization) to the 65 to 72 F tem- 
perature of the cooled mash. 


Free Flow Essential 


The elaborate automatic control 
system employed to operate the vari- 
ous still units would be useless if 
the lines leading to and from the 
units were not always free flowing. 
To insure this condition, Calvert en- 
gineers had to use novel equipment 
and dual pumps. 

The difficult problem of main- 
taining the flow from feed tanks to 
stills was solved by using piping of 
a wide sweep type which decreases 
gradually and uniformly in size to 
fit the feed pump. Diaphragm con- 
trolled valves are used on the dis- 
charge lines, and special lubricated 
plug valves are used to direct the 
flow of mash to the pump unit in 
service, 





tropical hurricane comment on 


Fermented mash is fed to the 
stills through a venturi in order to 
measure accurately the quantity of 
beer passing into the stills. The pip- 
ing had to be constructed so that the 
venturi reading would be depend- 
able. The slurry-like consistency of 
the fermented mash made the prob- 
lem difficult, and the final installa- 
tion followed test performances of 
many designs. It was determined 
that diaphragm controlled valves 
give excellent service for this type 
of material. 

The stills are operated at 32 mm 
Hg absolute pressure, and this high 
vacuum requires that a minimum 
pressure drop be maintained be- 
tween the steam vacuum ejector and 
the column. Oversized fabricated 
copper vapor draw-off lines were in- 
stalled on the stills to insure this 
condition. The large size of the unit 
presented problems of fabrication 
and sealing which were not encoun- 
tered in smaller ones. All other 
vacuum operated units were pro- 
vided with similar lines. 

All of the automatic controls for 
the spirits, whiskey, gin, and re-run 
stills are conveniently placed on a 
centrally situated master control 
board. Operation and control of 
quantity of flow, temperature, pres- 
sures, specific gravity and purity are 
practiced. Many of the control lines 
are machined to three decimal fig- 
ures in order to obtain the accuracy 
which is essential. Connections 
must withstand extreme pressures 
and vacuums, and there must be no 


corrosion in the control lines if th 
instruments are to be relied upon. 

Finished distilled liquor is han- 
dled in stainless steel tubing. The 
liquor is pumped from still surge 
tanks to wine room tanks and thence 
to the cistern and blending rooms. 
The lines are equipped with lubri 
cated plug valves, which not onl) 
prevent pocketing and subsequent 
denaturation of alcoholic spirits, but 
which also provide an easily oper 
ated liquid tight cutoff in the line 
Wrench operated valves, clearly 
marked with raised perforations on 
the plug to indicate which side is 
“blanked” off—and, consequently, 
which side is open—enable the op 
erator to tell by inspection whethe: 
a valve is on or off. 

In addition to transporting ma 
terials, tubing is used in heat ex 
changers. It was selected for its 
thermal conductivity and for its 
characteristic chemical reactions to 
the materials flowing in or around 
the tubing. 

Advancements in process piping 
have played no small part in the 
development of the distilling indus 
try. Extensive installations of mod 
ern process piping have been justi- 
fied by the increased yields which 
have been attained. Higher stand 
ards of quality in regard to uniform 
ity, odor and taste have been direct 
results of the newly developed proc 
ess which depends upon the many 
specially fabricated pieces of piping 
and fittings. 





“Those who have been through a 





extraordinary feeling of depression in 
the central lull and the exhilaration 
and excitement when the storm is at 
its height. When the air is lifeless, 
the heat oppressive, and the sky a cop- 
pery yellow, people find even routine 
exertions exhausting. Then when the 
hurricane reaches its crescendo of 
roaring winds, lashing rain, crashing 
timbers and tossing trees, there is a 
wild impulse to be up and doing. One 
feels strong as a giant. 

“Just at a guess we should say that 
the cause was the difference in air 
pressures, resulting in a variation in 
oxygen intake similar to that experi- 


enced on high mountains. There may 
xe a similar variation between hot and 
cold weather, although on a smaller 
scale. More oxygen per breath, quite 
as much as the need to keep warm, 
may account for the vigor of autumn. 

“For all man’s vaunted powers of 
reason, he is in considerable measure— 
and much more than most city folk 
realize—suspended in the natural bal- 
ance of a world chemistry beyond his 
control. The turn of the seasons, the 
heat and cold, the rainfall and sun- 
shine, the winds sweeping the thin 
envelope of air that coats the earth, are 
all part of a gigantic symphony. If 
modern scieuce understands the play- 
ing of some of the instruments, we all 
of us none the less dance to the tune.” 
—Royal F. Munger, in the Chicago 
Daily News. 


Ss. 


A new method of air conditioning 
hospital operating rooms — which 
makes it possible to “bathe” surgeons, 
attendants and nurses in conditioned 
air during an operation, yet prevents 
“drafts” on the patient—has_ been 
installed in the St. Francis hospital, 
Poughkeepsie, N. Y. Outlets were 
arranged so that the air flows down 
the walls and across the room at the 
floor, rising in the middle of the room 
around the operating table. This 
makes it possible to keep surgeons 
and attendants comfortable and at top 
efficiency throughout the operation, 
yet does not allow direct air motion 
on the patient—Edward T. Murphy, 
vice-president in charge of marketing, 
Carrier Corp. 
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Storage Tanks for Cooling Systems Where 
Compressor Capacity Is Less Than Load 


William Goodman Presents Data to Simplify 
Selection of Compressor and Storage Tank 


HERE are many places 
where cooling is required for 
only a few hours each day. In 
such places, it 1s sometimes possible 
to make worthwhile savings in air 
conditioning operating costs by 
using a storage tank. This is par- 
ticularly true if the electrical de- 
mand charge is a substantial portion 
of the operating cost. In this case, 
the storage tank would be used to 
gether with a compressor whose ca 
pacity is less than the cooling load 
the compressor operating for a pe 
riod of time much longer than the 
duration of the cooling load. Thus, 
cooling might be required for only 
4 hr of the day but the compressor 
might be allowed to operate perhaps 
20 hr a day, the excess cooling ca 
pacity being stored in the tank. 


Sizing System 


Table 1 is of value in computing 
the size of compressor and storage 
tank required for storage type sys- 
tems. This table shows the ratio of 
the required compressor capacity to 
the cooling load, and the storage 
capacity required for various hours 
of compressor operation. The tem- 
perature of the water stored in the 
tank changes and consequently the 
compressor capacity also changes as 
the water is cooled. Therefore, 
when using this table, the average 
compressor capacity should be used. 
Note particularly when using the 
table that the storage capacity is 
given in Btu per ton of load—not 
in Btu per ton of compressor ca- 
pacity as in the table on p. 503 of 
the August HPAC. 

The following example illustrates 
the use of Table 1: 

Example 1—If sufficient refrigerat 
ing capacity were provided for the max- 
imum cooling load, a compressor of 75 
tons would be required. Inasmuch as cool 
ing is required for only 6 hr per day, a 
storage tank and a small compressor are 
to be installed. The compressor is to be 





Copyright, 1941, by William Goodman. 


allowed to operate 22 hr per day. Th 
highest allowable temperature of the 
water in the storage tank is to be 48 | 
and the water is to be allowed to cool t 
10 F. 


Assume that when the water tempera 





STORAGE — There are many places 
where cooling is required for only a few 
hours each day. In such cases. it is 
sometimes possible to make worthwhile 
savings in air conditioning operating 
costs by using a chilled water or ice 
storage tank. This is particularly true 
if the electrical demand charge is a sub- 
stantial portion of the operating cost. 
. . . Bill Goodman, consulting engineer. 
The Trane Co., and a member of HPAC’s 
board of consulting and contributing 
editors, presents here data to simplify 
computation of the compressor size and 
the storage tank required. Examples 
show in detail the use of the method 





ture is 48 F, the suction temperature of 
the compressor ‘will be 42 F; and when 
the water temperature is 40 F, the suction 
temperature will be 34 F 

Find: (a) The refrigerating capacity 
required at the average suction tempera- 
ture of 38 F (b) The size of storage 
tank required. 

Solution 

a) Referring to Table 1 in Column 


12, for a 22 hr compressor operating time 


find 
Compressor Capacity 
0.273 
Load 
As the cooling load is 75 tons, the com 
pressor capacity 0.273 75 20.5 
tons 


This compressor capacity of 20.5 tons 
is the average compressor capacity re 


quired at the average suction tempera 








Symbols 


c= specific heat of stored liquid 
He = refrigerating capacity of the com 
pressor, tons 
Hy = cooling load, tons 
Hs = thermal energy stored in tank, Btu 
$ = specific gravity of stored liquid 


t, = initial temperature of liquid in 
storage tank, F. 

ts — final temperature of liquid in stor 
age tank, F. 

A running time of compressor, hr. 

6, — duration of cooling load in condi 


tioned spaces, hr. 
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ture The highest t t it 
will be 42 F and the lowest suction tet 
perature 34 | Consequently, the aver 
age suction temperature is 38 | | 
ompressor capacity t 20.5 tons 
be selected at the average suction ten 
perature of 38 | 

b) From Column ; of Table 1. for 
a 22 he compressor operating time, the 
storage require 0 Bt ‘ tor 
load. Referring to the table on p. 505 of 
the August HPAC, for an 8 deg rise in 
water temperature and tor a storag« 
52,300 Btu, the water storage required j 
785 gal per ton of cooling load here 
tore, the total storage required 78! 

8,875 gal 


When small compressors are t 
be run for long hours for cooling 
loads of relatively short duration 
large chilled wate! storaye tank 
will be required. To eliminate the 
need for such large tanks, ice stot 
age tanks are frequently used Phe 
ice 1s frozen on coils submerged in 
the tanks For the same storage ca 
pacity, the size of an ice Storage 
tank will be considerably smaller 
than a chilled water tank. On th 
other hand, the suction tempera 
tures required to treeze = ic are 
lower than those required for chill 
ing water This article describes 
only the use of chilled water tank 

Table 1 covers compressor op 
erating times up to 24 hr. In some 
installations, a compressor may lx 
operated for only a few hours t 
perhaps two or three days. For 
such installations, the compressor 
capacity and the storage capacity 
required may be computed by means 
of the following equations 

Hi 6; 


Hy A 


“ 
Hs 12.000 @; ( { ) 
“a, 


Note that in the above equations 
the compressor running time and 
the cooling load period are in hours 
whereas they are in minutes for th 
equations in the article on pp. 502 
505 in the August HPA 
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(Storage 


Table 1 





Compressor and storage capacities 
capacities are in Btu per ton of load) 
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re r Duretion of Cooling Load — Hours 
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Z23p. Cap. Storage Storage : + Sap. Storage Comp. Ca Storage Comp. Ca Storage Comp. Cap. Storage Somp. Ce 
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5 oo 1.000 
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7,000 9. $00 75 | 9,0 200 
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4 rs Lie 3 28,280 286 %,290 357 38,57 ob2 bl, 
o¢ 11,200 +133 200 | 28,800 0.267 35,200 0.333 40,000 4 43 & 
625 11,250 125 lee 29,250 250 36,000 313 41,25 3? 45, ‘| 
$88 Ll 70 118 17? 29,650 2% 36,710 Lee 4&2, 350 . 53 46,59 
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$26 41,3? 105 ise. | 30, 320 212 | 37,900 63 bs, 210 i ‘9. rt 
| i 
5x 11, 606 ). 100K 250 | 30,600 -200 | 38,400 250 45,000 50, 60 
| dr a1 ox 952 -143 | 30,860 191 38 , 860 aM 45,71 28¢ 51/4) 
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. 0 . Ca Storage Comp. Ca Storege Com Ca Starage Comp. Cap. Storege Comp. Cap. Storage Comp. Cap. Storage 
Lo Capacity Loa Capacity Canacity “foal | Capacity a Capacity — Capacity 
aie: is 19 20 21 2a a 2 25 20 + 28 29 
> | 
| | | 
| 0 | j 
| 700 10, 800 1.000 0 | 
| 6186 19,630 0.909 10,910 0 9 | i 
250 27,000 0.833 20,000 917 0 c : { 
| O92 33,230 0.769 27,70 - 846 9 +923 } i | 
| 643 38,570 0.74 %, 28 . 786 8,290 9.857 20,58 29 b 
6 | 600 43,200 40,000 0.733 35, 20 0.80 28,8 0.867 2 933 »210 1.000 
} 563 47,250 45,000 688 41,25 750 36,000 813 Z 875 21,000 >) ae 
, } 529 50,820 49,420 647 46,58 706 42,95 + 765 824 29,650 >. 882 
: } 500 54,000 53,3 611 51, 360 667 48,00 ~ 222 778 | 37,3% : | 
a 4% 56,840 56,840 $79 ‘39 632 53,05 684 49,26 7 | be, 22 | 
; 
d | 0-450 59,400 0.500 60 , 000 0. 9, 600 -600 $7,600 65 54,¢ ? 0,6 | 4 
i 429 61,710 a7 62,860 62, 8¢ $71 61,7 61 59,44 be 6.9 ‘ Sit 
4 i 409 63,820 455 65,460 66, 00C - Saé 65,65 $91 , 82 6% él, - 682 $72 
7 91 65,740 435 67,820 68, 8¢ 522 68, 880 565 67,8 6 65, 7% 65 ¢ 
24 2975 67,500 43? 70/000 nhs 5 72:0 542 71:5 “58 62s | (67,5 
—_-__ —s = — —E —— bb a 
sa Duration of Gooling Load Hours i M4 
capres LoS oP 
Operat a 
Time 17 18 19 20 21 22 2) 
| T 
Comp. Storage Comp. e Storage Comp. Cap. Storage Storege Comp. Cap. torage Comp. Can. Storese Com | ‘ 
" Laed Capecity =e Capacity Sr Capseity Capecity —“Loed |: Capacity —~“Loed~—|:« Capacity = e 
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i 
' 
| | 
| i 
| 
| * 
W 
| | 
it | | { 
1? 1.000 | ) ! | 
rT) 0. 9s } 12,340 1.000 . \ | 
’ 0.895 | 22,480 0.97 11,36 1.00 ) I { 
i] ' 
0.850 30, 600 0.900 21,600 0.950 11,400 | 
‘aio 38; 860 .857 30, 870 2905 21, 710 | : 4 
-773 46, 970 -818 39,270 Bhe 31,100 } 21,82 2.9 } 12,47 1.000 
739 $3,220 |j . 783 46,900 |] 826 39,650 | 1, 30C a. 21920 0.957 11,48 i i 
2 pe $9:510 | 750 $4,000 792 47,490 | ee _| iso | __%97_| avo fs a 
Ihe values in Table 1 were com- Solution— 64,800 Btu per ton of « 
puted by means of the above two a) Using the first of the two equations load. 
equations. above, The water storage can be figured 
; He 6 SRT TERS od) ED 
Example 2—In a chapel, cooling will . means of the equation published in HPA¢ 
. . . : are y ‘ 502 i 
be required for 6 hr approximately every 50—s«GO August, 1941, p. 502, which is, 
third day. This 6 hr period includes the -all Hs 
: or - ‘ : Gallons = 
time required to cool the chapel to the He = 5 tons _compressor Capacity 8.33 sc (t , 
Th at ] aii Sa te required. DOS oe 
required temperature. 1e water in the TI ; ld 1 tf 
. . 1c compressor should be selected tor 64,800 
storage tank is to be allowed to rise 10 : ; te 
: . 5 tons at the average suction temperatur« = 
deg. Assume that the compressor ts to b) UT : , : i 823% 10 
, , ) sing the equation for //s given 
he allowed to run for 60 hr. If the max : I \ as ? 
; ke above, 645 2pm per ton of ¢ 
imum cooling load is 50 tons, find: (a) ing load 
pa : : 6 on > pa 
The compressor capacity required. (b) : oti rage requiree 8 0 
1 I L y req Hs = 12.000 X 6 ' Total storage required 77 
[he storage capacity required. 60 38,900 gal. 


Heatinc, Prernc anp Air Conpirioninc, Ocroser, |°! 








Load Factors 


Although the maximum cooling 
load computed for the conditioned 
spaces May occur occasionally, it is 
seldom that it will last throughout 
the cooling period. Thus, in the 
solution of Example 1, it was as 
sumed that the maximum cooling 
load of 75 tons would exist during 
the entire cooling period of 6 hr. 
Usually the average conditioning 
load that exists throughout the 
cooling period is less than the maxi- 
mum load. For this reason storage 
tanks and compressors are not usu 
ally sized for the maximum load, 
but rather for the average load that 
is expected throughout the cooling 
period. Thus, the compressor and 
storage capacity selected for Ex 
ample 1 would be perfectly satisfac 
tory for an installation in which the 
maximum cooling load was 100 
tons and the load factor 75 per cent. 
This means that the average load 
throughout the cooling period would 
he 75 tons, which value was used in 
sizing the storage tank in Ex 
ample 1, 

The load factor—the ratio of the 
average load to the maximum load 

will vary from approximately 40 
per cent up to almost 100 per cent 
depending upon the type of installa 
tion. Few data are available on this 
point and the designer must use his 
own judgment as to the probable 
load factor that will be encountered 
on a particular installation. 

\fter the average cooling load for 
which the system has been designed 
has been determined, it is desirable 
to add some allowance for heat 
gains in the storage tank and piping 
\n allowance of roughly 10 per 
cent will usually prove satisfactory. 
In other words, to the 75 ton aver- 
age load mentioned in the preceding 
paragraph, 7.5 tons should be al 
lowed for losses—the system should 
he designed for an average cooling 
load of 82.5 tons. 

Even though the compressor and 
the storage tank are sized for the 
average load, the cooling coils or 
air washer, the fan delivering the 
onditioned air, and the pump cir 
ulating chilled water between the 
storage tank and the air condition 
ing unit should be sized for the 
laximum load. If they are sized 
n this way, the system will be able, 
vithout any difficulty, to take care 


of the maximum load for the short 


period that it usually lasts 
Where the size of the installation 
warrants a more elaborate analysis, 
it is a good plan to compute the 
load for each hour of the dav. These 
hourly loads are then plotted o1 
graph paper against time of day 
The sum of the total hourly loads 
divided by the number of hours 
that the compressor will be allowed 
to operate gives the compressor ca 
pacity required. Then by drawing 
a straight line which represents the 
compressor capacity on the chart, it 
is easy to determine during which 


hours of the day the water in the 


tank will bn cooled by the excess 


1? 


compressor capacity and when 


will be heated by the excess load 


The total storage capacity required 
can also be determined by means of 


ha graph 


I 


suc 


Load Variation 


; 


lhe length of time that the com 


pressor runs is usually controlled 
by a thermostat which stops th 
compressor when the temperaturs 
of the water has been lowered to 
some predetermined point. If the 
average cooling load is, say, half ot 
the cooling load for which the com 
pressor was originally selected, the 
running time of the compressor will 
be exactly half of the running time 
for which the system was originally 
designed. On the other hand, in 
this case the change in the tempera 
ture of the water in the storage 
tank will not be half of the change 
for which the tank was originally 
designed. The change in the tem 
perature of the storage water is not 
proportional to the running time of 
the compressor. The change in 
temperature is proportional to the 
difference between the compressot 
running time and the time that 
cooling is required, because only 
during this pe riod is the storage 
water cooled—for the duration of 
the cooling load, the water is heated 

The number of hours that a com 
pressor must run when the cooling 
load is less than the maximum and 
the change in the temperature of 
the stored water can also be found 
by means of Table 1 

Example 3—Take the conditions of 
Example 1. Assume that the average 
cooling load during the 6 hr _ period 
amounts to only 55 tons. The storage 
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tank and the compress 1 
for an average cooling loa 


Find (a) The time that 


will operate (b) The chang 
temperature of the water im the 
Volution 
i) 
Compre ipa 0 
Loa 
t} 
In Column 12 of Table 
period of 6 hr ti value 
capacity/load) nearest to 0.573 is 0 
In the same row as tl | 
find in Column 1 that the compres 
run slightly more than Il 
AaAvVcTaut coolu 1 load 
») In Column 13, adjacent 1 
(Compressol capa it\ ) 
find that the energy stor .000 He 
per ton of cooling loa 
t 45.000 r Btu | 
vhen the load tor { te 
il e change s i i 
conditions, the storage a ts t 
Bt per t { load i ta 
70 Btu Cheret i 
temperatu hen the 
will be 
15.000 9 
92. 370 
in temperature I wate! 


’ 
storage tank 
Pha preceding exampl Call 
be solved quite simply by meat 


the following equations 


He 8 
H, 8 
Hie “ " 
Hs Aa, " 


Che use of these equatvions elinn 
nates the need of interpolation in 
the table and gives somewhat mor 


precise results for the occasions 
when they are needed; the second 
of the above equations is also use 
ful for those cases where cooling 
is not required every day, as in thi 
chapel of Example 2 

Example 4—Solve Example 3 by m« 
of the two equations given abov: 


Sales (a Using the first equati 
" t) ( ) 1, | 
0.5 
b) Using the second equat 
Hs 16.1 6 
th t.3 
Hs ee 6 


Temperature rise of water 


tank 0.63 * 8 5 dev 


Running Time 


The compressor capacity and siz 
of storage tank are shown in Fig. | 


























for various selected running times of 
the compressor for the conditions of 
Example 1. Notice that if the op- 
erating time of the compressor had 
heen selected for 24 hr instead of 22 
hr as in example 1, the required ca- 
pacity of the compressor would 
have been reduced by less than 2 
tons, and the required storage ca- 
pacity would have been increased 


desired, a compressor running time 
of 22 or even 20 hr should be se- 
lected rather than a running time 
of 24 hr. Any running time beyond 
the period of approximately 22 hr 
does not usually reduce the required 
refrigerating capacity sufficiently to 
warrant neglecting the advantage of 
the small margin of safety obtained. 

By means of the following equa- 
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HOURS OF COMPRESSOR OPERATION 


Fig. 1—Required compressor and storage capacities for various 
operating periods of compressor for conditions of Example 1 


by less than 2000 gal.- The reduc- 
tion in compressor capacity for an 
increase in compressor running 
time from 22 to 24 hr is generally 
small. As is shown in the following 
paragraphs, a margin of safety is 
obtained by designing the system 
for a compressor running time of 
less than 24 hr. Where the small- 
est practical size of compressor is 


tion—derived from the equation 
He/H, = 6/4 for constant com- 
pressor capacity and duration of 
cooling load—it can be shown for 
the conditions of Example 1, that if 
the compressor runs 24 hr instead 
of 22 hr, the storage system will be 
able to take care of an average con- 
ditioning load approximately 9 per 
cent greater than the load for which 


the tank was originally designed. 


Hiz 0c 
_* 6e1 
Huw 24 
— =- 1.09 
Hy, 22 


If the compressor runs 24 hr in 
stead of 22 hr, the equation 
[Hs./Hs, = (4. 6:.)/ (Bc, 
,,) | can be used to show that th« 
storage capacity will be increased 
by 12% per cent. In other words, 
the temperature rise of the water in 
the storage tank, instead of being & 
deg as assumed in Example 1, will 
be 12% per cent greater than 8 o1 
9 deg. Obviously if the water is 
heated 9 deg by the greater cool 
ing load, the compressor must ru 
longer to cool the water back to the 
initial temperature of 40 F as giver 
in Example 1.. It may seem odd 
that an increase in storage capacit) 
of 12% per cent can handle an in 
creased cooling load of only 9 per 
cent. The reason for this is, of 
course, that the actual cooling load 
is absorbed not by the storage tank 
alone, but by the storage tank and 
compressor together. 

From the foregoing it is apparent 
that the advantages in selecting a 24 
hr running period are usually not 
very great and that a 22 hr runnin 
period is desirable not only becaus« 
it provides some margin of safety, 
but also because it allows a few 
hours for repairs in case of mino1 
emergencies. 

[Next month, Mr. Goodman will dis 
cuss piping and storage tanks, control 
compressor, and motor overloading, ai 
will give derivations of his equations. | 





INTERCHANGE OF 


POWER AND STEAM 


Tne Eprror 

I have read Mr. Ross’ article on 
interchange of power and steam, 
published in the September HPAC, 
and believe he has told the story 
very well. 

I think it will be of interest to 
your readers to know that the opera- 
tion of this high pressure steam line 
has been so satisfactory over the 
first eight years of its life that in 
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1940 we contracted with the power 
company for a continuation of the 
contract for a period of 12 years. 
Naturally we would not have done 
this if we had not received an un- 
interrupted supply of both steam and 
electricity on a basis of dependabil- 
ity equal to what we could have 
done with a plant entirely under our 
control. 


There are inherent savings in a! 
arrangement of this kind which cat 
be divided between a utility and 
consumer if they will approach tl: 
whole subject in a spirit of fairness 
and a realization of the other man’s 
problem.—W. A. Han tey, Eli Lilly 
and Co. Member of HPAC’s board 
of consulting and contributing edi 


tors. 
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How to Save Heating Fuel 


E. A. Tyler, Rental Manager, Tells of Steps Taken | 
to Save Over 40 Per Cent of His Building’s Steam 


N THIS national emergency— 

when fuel means power, and 

power is the means to produc- 
tion of the wherewithal to defend 
ourselves against aggressors—we 
that control the designing and con- 
struction of fuel consuming equip- 
ment and the management of prop- 
erty should put our shoulders to the 
wheel and eliminate as far as pos- 
sible waste of fuel. 


Dental Revery 


Sometimes it takes a great catas- 
trophe to jar men out of their leth- 
argy and sometimes a minor incident 
serves the purpose as well. <As I 
sat in my dentist’s chair on a sub- 
zero day in 1934, with the drill in 
my tooth feeling about one inch in 
size, I looked out on the west side 
of the beautiful limestone facade of 
the First National Bank building in 
St. Paul—which building I had a 
major hand in planning, building and 
operating. In an effort to take my 
mind off the painful work the den- 
tist was doing, I started counting 
the windows; coming to the 27th 
floor I got a jolt that embarrassed 
the dentist. Two of these windows 
were wide open, and that meant 
waste so obviously that I imme- 
diately investigated when I returned 
to the office. Not only were these 
two windows wide open, but dozens 
of windows in unoccupied and un- 
finished space were open from a 
crack to an inch. 


That incident was the jolt I 
needed to shake me out of the belief 
that our steam consumption was 
down to bedrock. This belief was 
engendered by the fact that when 
we constructed the building in 1930- 
31, we had purchased and installed 
what we believed to be one of the 
best systems of heating control on 
the market, and had kept the engi- 
neer who supervised the installation 
on the job for a full heating season 
to thoroughly train our boiler room 
personnel in its operation; the first 
year’s operation came up exactly to 
the guarantee. We thought this 
equipment was doing a great job 
and it was, for it easily paid for itself 
the first three years. 


Degree Days 


I would like to meet and shake 
the hand of the man that invented 
the degree day method of measur- 
ing heating requirements, for in my 


TN ee SOA A OT REN 
HOW TO SAVE the fuel required for 


heating—essential service in plants, com- 
mercial buildings, institutions and all 
structures—is a vital problem to operat- 
ing men always. During our national 
effort in defense production, it is even 
more important.and becomes a patriotic 
duty. . . . Mr. Tyler, rental manager of 
the First National Bank building, St. 
Paul, Minn. explains in detail here the 
initial steps taken to reduce the steam 
consumption for heating this large build- 
ing. This conservation program has re- 
sulted in a saving of over 40 per cent 
during the period of the last few years. 
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opinion the building owners, operat 
ing and mechanical engineers should 
erect a monument to him. It was 
about the time of the above men 
tioned incident that I commenced 
to find out about degree days, and 
that is when I really discovered 
what we were doing with our steam 
consumption. With this new meas 
uring rod, I could plot it from day 
to-day, month-to-month, and year 
to-year. I plotted it back to the 
beginning, setting it up in graphs 
showing daily consumption for each 
zone, as well as the total. For the 
first time I really had a picture of 
how skillfully our men were operat 
ing the heating plant. 

A year’s operation looked like a 
profile of the Rocky Mountains, and 
the valleys and peaks in the spring 
and fall would defy any mountain 
climber that ever lived. Surely, I 
reasoned, if the plant could be oper 
ated at 5000 Ib of steam per degree 
day for one day, it should be some 
where near that the succeeding day 
—but it wasn’t. The next day it 
would probably be up to 6000 or 
even 8000 Ib. Then is when I went 
to work in earnest to find out if that 
line could be leveled out 


leveled. 


or almost 


Five Phases 


The problem of getting started 
on a steam conservation program 
presented five phases: (1) Stopping 
the leaks of perfectly good heated 
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air; (2) balancing the radiation and 
determining the proper time for 
‘oht si r. 2 , 
night Shut-off; (39) Improvement 
and simplification of control; (4) 
improvements in the skill of the 
operating personnel; and (5) a 
simple system of accounting that 


bring to my attention daily, 


would 
monthly and annually, sufficient in 
formation to the end that I could 
immediately detect any deviation 
from an efficient standard of opera 
tion I did not see it quite that 
plain in the beginning, but that 1s 
the way it worked out. 

The first two phases will be dis 
cussed in this article; the last three, 
and the results obtained, will be out 


lined in a second one 


Stopping the Leaks 


\ high building is like a chimney 
in the winter it is warm inside 
and cold outside. In the lower 60 
per cent of its height the inward 
pressure of the outside air will be 


in direct proportion to the outside 
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temperature. In the upper 40 per 
cent, the inside air will be under 
pressure. Any openings below the 
60 per cent line will admit cold air 
in direct proportion to the area of 
the opening and the outside temper 
ature, plus wind pressure on the 
windward side of the building. Any 
openings above the 60 per cent line 
will make it that much easier for 
the outside air to come in below 


by relieving the pressure on the in 


terior of the building. The thing to 


do is to stop dead all o enings botl 
l I 


above and below But what about 
ventilation ? you may ask. It is true 
you have to have ventilation for the 


occupants, and I am certain that at 
temperatures anywhere below 20 F 
for most types of occupancy below 
the 60 per cent line, infiltration 
through the best weatherstripped 
windows will provide adequate ven 
tilation, and above the 60 per cent 
line the occupants will get a nice 
outward draft if they crack then 
windows For mass occupancy, 


mechanical ventilation should, of 
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course, be provided We 
great many leaks that we stopp 
and that helped materially in red 
ing our steam consumption. 
Connected to our new building 
an older 16 story building 
must have been losing 10,000 cf: 
warm air through the top of 
building as there were some 12 
lights, all with large openings 
pipe radiation encircling the lig 
wells. We closed up as many 
these skylights as we could 
removed the radiation The pe 
house had two iron 
ame saad 


oth o \ 


leading to the roof, 
had warped badly and let a gal 
warm air through when the temp« 
ature was down. Several ol 

hollow metal windows in the pe! 
house had holes in the wire gla 
which were repaired. The elevat 

are on the north side of the build: 
and the designer had put in 18 | 

low metal windows to provide lig! 
for this elevator shaft It 
practically impossible to clean t! 
windows, so in times past they 





been painted dark brown to improve 
their appearance. You could throw 
a cat through most of these windows, 
and it was difficult to keep the corri- 
dors and elevator shafts warm, even 
though there were great banks of 
radiation in the shafts and corridors. 
We did not even take the trouble 
to remove these windows—we sim- 
ply filled the reveals full of rock 
wool, did a neat job of covering 
them with plywood nailed to frames 
and painted to match the walls. This 
stopped a big leak, and incidentally 
we now have comfortable elevator 
shafts and corridors. From the ap- 
pearance inside you would never 
know there were any windows there. 

The ground floor corridor is con- 
nected to a 300 car garage, with very 
active traffic. When the new build 
ing was built we felt that two swing 
doors at each entrance to the garage 
gave ample protection. Frequently 
both swing doors and the garage 
door would be opened at the 
same time, which let in a terrific 
blast of cold air, cooling off the 
ground floor lobby and pushing the 
warm air out the top of the building. 
There was no room to install revolv 
ing doors at these openings, but we 
solved that by an obvious but neat 
trick; we put in a third door, de 
signed so that it could be taken out 
in the summer. 

The building code requires steel 
windows on the sides of the building 
exposed to other buildings. The 
new part has modern steel sash, 
while the old part has old fashioned 
hollow metal windows. Both the 
old and new leaked so badly that an 
unbalanced condition was created 
which added unnecessary infiltration. 
We induced a metal window manu 
lacturer to design and build special 
lightweight steel double hung frames 
and sash, and installed them on the 
inside. These worked perfectly. 

The banking areas of the building 
are air conditioned, with outside air 
openings totaling 150 sq ft situated 
at the 5th and 9th floor levels, closed 
with ordinary iron dampers. Inves- 
tigation indicated that these openings 
passed almost as much air when the 
fans were not running in the winter 
as they did when the fans were run- 
ning, consuming an estimated 1.- 
800,000 Ib of steam annually. This 
leak was stopped by the installation 
f auxiliary wood dampers. (For a 
detailed description see p. 507, Au 


gust, 1941, HPAC). 


An old two story brick and frame 
building is connected on the ground 
floor to the two main buildings by 
an arcade. The suction set up on 
this building by being connected to 
the higher buildings made it almost 
impossible to heat the lower building, 
and its steam consumption was way 





The Chief, Lewis Hohenthaner, checks 
inside and outside temperatures with a 
resistance thermometer installation at 
the First National Bank building, St. Paul. 
Temperature information is of course 
essential to the economical and proper 
operation of any large heating system 





out of line. We stopped this leak 
by tightening all windows and put 
ting weatherstripping in first-class 
condition, installing storm doors on 
all openings possible, and insulating 
the ceiling of the second story under 
the roof with 4 in. of rock wool 
These improvements resulted in a 
reduction of one-third in steam con 
sumption for that zone. 

The janitors who service the occu 
pied areas are required to check and 
tightly lock each window. A little 
snooping at night after the men had 
finished their work revealed that 
there were many omissions of this 
chore. <A_ little persuasion and 
checking by the might superinten 
dent reduced this loss to a minimum 

If we could see through our blind 
spots I am sure there are other leaks 
similar to the foregoing that could 
be found and eliminated 


Night Shut-Off 


In my travels I have been in a 
very large number of office buildings 
and hotels, mostly in the northern 
part of the United States, and I am 
sure that it would not be wide of the 
mark to say that 75 per cent of them 
overheat. Probably most cases of 
overheating are caused by unbal 
anced radiation, and windows and 
doors that admit more air than the 
engineer allowed for when the heat 
ing plant was laid out. The first 
requirement of an economical heat 
ing plant is a near perfect balance 
in feed lines and radiation, which | 
well know is elemental. But I also 
know that it is practically impos 
sible for an engineer to compute feed 
line and radiation requirements for 
a large building with hundreds of 
rooms, in the blueprint stage, with 
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out making spot errors that wil 


anywhere from 5 to 10 per cent. It 
should be the operating engineer's 


iob to check these errors and correct 


them. 
There are still som operat! 
engineers who believe there 


economy in shutting off the stea 
at night, and there are many build 
ings where this is true. Howeve1 
office and loft buildings, ane 
buildings that have principally 
daytime occupancy the great 1 
jority now agree that shutting off 
at night is a decided economy. \W\« 
had been shutting off at night, but 
the schedules used had been 
on guesswork, and in many case 
had been left to the judgment of the 
night engineet 

The problem was to ch 
balance of the radiation and locate 
excessive infiltration, and to esta 
lish accurate off-and-on scl 
for night operation lo accomplis! 


1 


this, I first purchased a good p 


able recording thermometer and 
supply of paper graph faces. Ther 
I established a tentative off-and-or 


schedule for night operation, at thi 
same time giving instructions to the 
night engineer that he was to mak« 
frequent trips through the building 
and if he should find that the te 

perature in any area was dropping 
close to 60 F, he should give that 
+7 


zone a shot of steam. During 
months of November, December 
January and April I placed the r 
cording thermometer in different 
places each 24 hr period som 
typical, and many suspe 
unbalanced condition), noting the 
date, location, high, low and meat 
temperature on each graph. During 
this four month period we estab 
lished by trial and error th 
efficient night shut-off periods ar 


( MW 


located most of the unbalanced cor 
ditions. The shut-off periods wer 


] rt 


finally set up in the form of a cha 
for each zone that shows at a glanc: 
the time to shut off and turn on the 
steam at any given outside tempera 
ture. 

The correction of the unbalanced 
radiation was taken care of as lo 
cated, and strange as it may seen 
we found several unbalanced condi 
tions due to too small risers and 
leaky expansion joints. In the older 
buildings we checked all mains an 
risers for leaks—and found plenty 


(Ours is a two pipe vacuum iob 
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running vacuums as high as 18 in. 
in very mild weather, and even a 
small leak in a riser will bring the 
tenants “hollering for heat.” 


Riser Too Small 


The northeast corner of the older 
building was unbalanced and we 
could not cure it. We added radia- 
tion until we were ashamed of the 
appearance of the rooms, but we 
still had to feed the zone more steam 
than was needed to keep this corner 
warm. The riser was covered up 
so that it could not be seen and the 
plans of the building were not kept 
when the building was finished, so 
we were not able to check the riser 








size—neither were we able to get 
the plans from the architect. 
Finally, in desperation, we found 
the contractor who had installed the 
plant, induced him to dig out from a 
mess of old plans a very much bat- 
tered and torn set of the original 
heating plans which dimly showed 
this troublesome northeast corner. 
A glance quickly showed the cause 
of the trouble. The original plans 
had provided one large hollow metal 
window in the northeast corner 
room, but sometime during the pe- 
riod of construction another iden- 
tical window was added to this room 
and necessary radiation was added 
to compensate for this window—but 
the riser had been left the same 


size! A few calculations quick 
showed that the riser was much t 
small to carry enough steam. 

To remove the riser and instal] 
larger one would be an extreme 
costly job. How could this be cured 
Our able steamfitting contract: 
came through with the answer. |: 
checking the size of the adjoini: 
riser he found that it was about . 
per cent larger than was needed. | 
tying three 114 in. cross-overs fro 
the riser that was too large to | 
riser that was too small, at the 121 
8th and 4th floor levels, adequ 
supply was established for our | 
unbalanced condition and at a f: 
tion of the cost of putting in a nm 
and larger riser. 
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Pressure Loss Caused by Elbows in 
8-Inch Round Ventilating Duct 


By M. C. Stuart*, C. F. Warner**, W. C. Roberts***, 


Bethlehem, Pa. 


This paper is the result of research sponsored by the 
AMERICAN Society OF HEATING AND VENTILATING 
ENGINEERS in cooperation with Lehigh University 


Introduction 


LARGE per cent of the 

total pressure loss experi- 

enced in ventilating systems 
is caused by elbows. If this loss 
can be reduced, more efficient sys- 
tems may be designed. In 1939 the 
AMERICAN Society OF HEATING 
AND VENTILATING ENGINEERS en- 
tered into a cooperative agreement 
with Lehigh University for the 
purpose of studying the pressure 
loss due to elbows. The program 
will include the study of all types of 
elbows for 8-in. round and 7 x 7 in. 
square and other size ducts. This 
paper presents the study of round 
elbows in 8-in. duct. The 7 x 7 in. 
square duct is now under investi- 
gation. 


Pressure Drop in Straight Duct 


Apparatus for the study of pres- 
sure drop in straight duct was set 
up as shown in Fig. 1A. Duct hav- 
ing 40 joints per 100 ft was used 
with all joints taped to prevent 
leakage. Air supplied by a fan hav- 
ing a capacity of 3000 cfm at the 
pressures desired, discharged into 
a box which broke up the circula- 
tion caused by the fan so that nor- 
mal turbulence was maintained in 
the test section. An egg crate 
straightener was used to further in- 
sure normal turbulent flow. The 
duct discharged into a 30-in. diam- 
eter plenum chamber fitted with a 
calibrated discharge nozzle. Static 
tube pressure taps were placed 
every 10 ft along the test sec- 
tion. The reasons for the use of 
the static tube may be found in 
: © Professor of Mechanical Engineering, Le- 
high University. MEMBER OF ASHVE, 

**Instructor in Mechanical Engineering, Le 
high University. untor Memper or ASHVE. 

***H. M. Byllesby Research Fellow, Le- 
high University. 

For presentation at the 48th Annual Meeting 
of the American Society or HEATING AND 


VENTILATING ENoineers, Philadelphia, Pa., 
January, 1942. 
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Appendix I. These taps were con- 
nected differentially through com- 
mercial single inclined tube mano- 
meters, The last pressure tap before 
the plenum chamber was con- 
nected to a manometer having the 
other leg open to the atmosphere. 
An _ over-all pressure differential 
was taken to be used as a check on 
the small differentials. 

The velocity was obtained by 
dividing the quantity of air flowing 
by the area of the duct. All calcu- 
lations were based on an assumed 


Fig. 1—Arrangement of apparatus 
in straight duct (40 joints per 


a. For study of friction drop 


of this investigation check wit 
those of the Laboratory as presente 
in the paper, previously published 


Pressure Drop in a Single Elbow 


Apparatus for the study of pres 
sure drop in a single elbow was that 
used in the straight duct test but 
modified as shown in Fig. 1B. Ai 
elbow is defined as the section o! 
duct joining two straight lengths o| 
duct. Three pressure taps preced 
ing the elbow and three following 


100 ft) 
b. Test set-up for determination of pressure drop around an elhow 3 
(nozzles used on plenum chamber have throat diameters of 4 | 


and 8 in.). 


nominal diameter 
‘ PLENUM CHAMBER 
of 8-in. for the 
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rm . ers a 
duct. This is not {_} 
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the exact diameter 
since so-called 8-in. 
duct has a diameter 
which varies from 
77% in. to 8 in. 
For this reason the 


D en en een AIO 1 Oop 1 af 8 BOK 


a 





1 2 


ie | 
TEST aE 
, 
-_ 





velocity used was 
an average nom- 
inal velocity. (See 
Appendix III for derivation of 
velocity equation.) The quantity of 
flow was varied by throttling the 
inlet of the fan. 

The results of the investigation 
on pressure loss for 100 ft of 
straight duct are shown in Fig. 3 by 
the curve labeled Straight Duct. 
The straight duct pressure loss is 
being investigated by the Society's 
Pittsburgh Laboratory, but, as will 
be shown later, these values are 
needed in the present investigation 
of elbow pressure loss. The results! 


1Analysis of the Factors Affecting Duct Fric- 
tion, by J. B. Schmieler, F. C. Houghten and 
H. T. Olson. ASHVE_ Journat Section, 
Heating, Piping and Air Conditioning, March, 
1940, 
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were used. At various times du 
ing the test additional taps we! 
used as a check on the work. 

The results of the investigation 
of pressure loss in a single elbow 
are shown in Fig. 2, a plot of pres 
sure drop vs. length along the duct 
for different velocities. Pressure 
loss in an elbow is caused by thre 
flow phenomena: (1) the friction 
of the air particles against the duct 
wall; (2) the loss due to turbulent 
flow; and (3) the loss due to a 
change in direction of flow. The 
first two items constitute the loss 
experienced in straight duct and 
also occur in an elbow because 
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Fig. 2—Relation between pressure drop and velocity for a 
7-in. inside radius elbow (note that additional equivalent 01 
length does not change with velocity) 


Fig. 3 (right)—Relation between total pressure drop and velocity cot / ff ae We 


for all elbows tested. The curve, straight duct, is for 10 ft of 
duct with 40 slip joints per 100 ft 


has a definite length. The third loss 
is unique to the elbow, and may be 
termed the additional pressure loss 
caused by the elbow. This addi- 
tional loss is determined by finding 
the excess of pressure drop for a 
section of duct including an elbow 
over the calculated pressure drop 
for a section of straight duct hav- 
ing an equal centerline length. The 
total loss caused by the elbow is 
made up of the friction loss based 
on its centerline length and the ad- 
ditional loss determined by the 
method described herein. 
Examination of Fig. 2 will show 
that the pressure gradients preced- 
ing and following the elbow are 
parallel straight lines but some dis- 
tance apart. If the length of duct 
involved were straight and the el- 
bow omitted, points on a pressure 
gradient would be on the same 
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straight line. Because of the abnor 
mally high pressure drop in the 
elbow with respect to its length, a 
line indicating the pressure drop 
along the center line length of the 
duct and elbow shows a disconti- 
nuity. The vertical distance on the 
pressure axis between the two seg- 
ments of the pressure gradient is 
equal to the additional pressure loss 
due to the elbow, and the horizontal 
distance along the duct length axis 
between the segments is precisely 
that length of straight duct which 
might have been added to the elbow 
length to cause an equal pressure 
drop. Since there is within the el- 
bow itself a friction drop admittedly 
proportional to the centerline length 
of the elbow, we may add this fric- 
tion loss to the additional loss and 
term the result the total loss due to 
the elbow. Similarly, the length of 
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the elbow added to the additional 
equivalent length may be termed the 
total equivalent length. 

Fig. 2 also shows that for a given 
elbow the additional equivalent 
length does not change with veloc 
ity, consequently the total equivalent 
length will not change. For a given 
elbow a unique length of straight 
duct may be substituted causing a 
pressure loss exactly equal to the 
loss due to the elbow. It immed 
iately follows that the loss in an 
elbow is the same power function 
of velocity as the loss in straight 
ducts. Equivalent length of duct 1s 
of more significance than pressure 
loss because as was shown it is in 
dependent of velocity. Additional 
equivalent length, the excess of 
pressure drop for a section of duct 
including an elbow over the calcu 
lated pressure drop for an equiva 


643 



































INCHES OF WATER 


PRESSURE DROP- 


400 500 600 700 800 900 1000 ($00 2000 2500 3000 3500 4000 


VELOCITY- FEET PER MINUTE 


Fig. 4—Relation between additional pressure drop and velocity 
for all elbows tested 


Additional pressure loss is defined as the excess of measured pressure drop 
for a section of duct including an elbow over the calculated pressure drop 
for a section of straight duct having an equal centerline length. 
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Fig. 5—Relation between inside radius of elbows and equiva- 
lent length of straight duct at any velocity 
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lent centerline length of duct divided 
by the pressure loss per foot of duct, 
is for some purposes of more im 
portance than total equivalent 
length. 


Effect of Varying Radii on 


Pressure Loss in Elbows 


Elbows with radii from 0 to 28 
in., shown in Fig. 6, were investi 
gated in the arrangement shown in 
Fig. 1B. The procedure for measur 
ing the pressure loss and velocity al 
ready described was used for al! 
elbows. The curves of total loss ws 
velocity are given in Fig. 3. A plot 
of additional loss ws. velocity is 
given in Fig. 4. Examination of 
the curves will show that the total 
pressure loss decreases with increas 
ing radii. When an optimum valu 
has been reached, further increases 
in radii will increase the total pres 
sure loss. The additional pressur: 
loss decreases with increasing radii 
It may be concluded that as the ra 
dius increases the friction loss be 
comes the dominant value. 

The numerical relationship exist 
ing between elbows of different 
radii and equivalent lengths oi 
straight duct is shown in Fig. 5 
The additional equivalent length o 
elbows, Curve A, of Fig. 5, ce 
creases with increasing radii and 
very nearly approaches a constant 
value at large radii. Also in Fig. 5 
Curve B of the total equivalent 
length of straight duct reaches a 
minimum value and then increases 
with increasing radii. 

From the results the important 
conclusion reached is that in elbows 
of large radi, the pressure loss 
caused by changing the direction of 
flow is of minor importance com 
pared to the pressure loss caused 
by friction and turbulence over its 
centerline length. 


Elbows in Series 


Two elbows separated by a length 
of straight duct 40 diameters long 
were investigated to determine the 
effect of one elbow on another far 
ther down the duct. No effect of 
the first elbow on the second elbow 
was observed; therefore, it may b 
concluded that if the distance sep 
arating the elbows is greater than 
40 diameters one elbow will not 
affect another. 

An investigation was made, using 
the set-up shown in Fig. 7A to de 
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termine the loss of 180 deg bends 
made up of two 90 deg elbows. The 
bends, shown in Fig. 8 were tested 
in the same apparatus used previ- 
ously. As a result of this study it 
may be concluded that the total 
pressure loss in 180 deg bends is 
never as much as that of two elbows 
and decreases as the radius in- 
creases. In fact for large radi the 
loss in 180 deg bends is scarcely 
more than that in the 90 deg elbow. 

The same effect was noted when 
the elbows, installed as_ offsets, 
shown in Fig. 9, were tested as 
arranged in Fig. 7B. From these 
studies it may be concluded that 
after the direction of flow has once 
been changed, further change in di 
rection of flow does not increase 
the loss materially. The one ex 
ception to this is the miter elbow. 
When two of these are used to 
gether, the total loss is twice that 
of one. 


Vaned Elbows 


In the 8-in. duct two elbows, the 
miter and the 2 in. inside radius 
elbows, were fitted with shop made 
splitters fastened to a threaded rod 
extending from the inside to the 
outside of the duct 45 deg around 
the bend. The rods were movable 
so that the splitters could be located 
any place across the elbow. Split- 
ters® of different heights and lengths 
were tried in various positions 
across the duct until the most effec- 
tive splitter and most efficient posi- 
tion for it were found. Tests were 
then made to determine the pres 
sure loss, the same method being 
used as was employed in determin- 
ing the pressure loss of a single 
elbow. 

It was found that one splitter, 414 
in. long, 7 in. high, bent on a 31% in. 
radius, and located 1% in. from the 
inside wall of the 2 in. inside radius 
elbow, gave the lowest pressure drop 
and a reduction of 20 per cent in 
the total equivalent length. A re- 
duction of 40 per cent in total 
equivalent length of the miter elbow 
was obtained by one splitter 6% in. 
long, 7% in. high, bent on a 4 in. 
radius, and located 2% in. from the 
inside wall. No appreciable de- 
crease in loss was noted when the 
splitters were located near the out- 
side wall of the elbows. No ma- 
terial reduction in pressure loss was 


*See Appendix IV for description of splitters 
tested. 


obtained by the use of two splitters 
instead of one in the miter elbow 


from the data presented includ 


following: 


1. The pressure loss caused by elbows 
Conclusions is proportional to the 1.84 power of th 

, velocity. 

This pape! presents a method Ol The pressure loss tf an el v at 
determining experimentally the any velocity may be expressed 
pressure loss caused by elbows in unique equivalent lengt! traight 

» , ~~ ice he nreceurt ] 
ducts of ventilating svstems. »plitters red Tt t pre iré i 
4 hs . i! Ibo s Oo s ial radi ( Drv splitte 
The data presented include r in elbows of smas radi 
: ; , ‘ a 2-in. inside radius elbow reduces t 
sults of the investigation of pressure 
loss <0 per cent one im the miter 
loss caused by various types oi reduces the loss 40 per cent 
elbows in 8-in. round duct t. Equivalent length of pip 
Significant conclusions arrived at elbows having varying radii as 
App! ALT Eo CENTERLINI 
INSIDE RA Le HIN FRE ! HON Fe ' } } 
0 Mit 42 9 of 4 
2 is 24.1 V8 19 
7 if 14 ] i. 
121 10 l 12 4 
20 i 7 l 14 
28 i 7.2 1 1.4 
0 Mit " ».7 Of rt 
ab 9 0.8 
Appendix I 
Discussion of Static Pressure 
Differential Measurements 
In order to select the most suit slope This deficiency may have 


able means of measuring static pres 
sure differential, four methods were 
tested, wiz: piezometer ring, single 
impact tube, averaging impact tube, 
and single static tube 


First, piezometer rings were 
spaced every 10 ft and connected 
differentially. When the results 


were plotted it was found that the 
pressure gradient did not satisfac 
torily fulfill the condition of uniform 


; 


been caused by local conditions a 
the piezometer ring due to the prox 
imity of the ring to the duct joint 
Tests were next made to study 
the possibility of the use of impact 
tube, averaging impact tube, and 
static tube. For this study a straight 
section of duct, 80 ft long, was set 
up as shown in Fig. 10 with three 
surveying stations 15 ft apart 


Each station was equipped wit! 





Fig. 6—All of the elbows studied 
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1. For the study of pressure loss caused by a 180 deg change in 








the direction of flow 
Arrangement of apparatus used in the study of offsets (nozzles 
used on plenum chamber have throat diameters of 4 and 8 in.) 
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Fig. 10—Test apparatus for the comparison of pressure 
measuring devices (the nozzle of plenum chamber has an 


8-in. throat) 
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holes, to permit insertion of survey 
tubes, and a piezometer ring so, of 4 in. 
located 
not affect its use. 
survey tubes, each 4’, in. 
ameter, were used. No. 
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in. long and closed at 
When used the tube extended acros 
the duct at its diameter with th 
holes pointed upstream parallel 


pact tube, had an upstream length 
terminating in a well- 
rounded entrance. No. 2, the aver 
aging impact tube, was made by 
drilling nine 0.04-in. holes ™% in. 
apart in a straight line over a 2-in 


conditions could 
Three different 
S| 


that local 


1 
} 
| 


the direction of flow. No. 3, th 
static tube, ASHVE type, had a 
with fou 


inside di- 
|, the im 


upstream length of 4 in. 
0.04-in. holes drilled at right ang 
other 1% in. from tl 
rounded end. In making survey 
the tubes were diffe: 
entially through a manometer to 1 
piezometer ring. 

The 
three stations at velocities of 360I 
3000, 1000, and 500 fpm. In al 
about 300 readings take: 
The results are shown in Figs. 1] 
12, and 13. Examination of Fig. 11 
will show that the impact tube doe 


results wher 
19” 


to each 


connected 


surveys were made at al! 


were 


not give satisfactory 
used as a fixed instrument. 
shows that the 
tube gives more uniform pressur 
still unsatisfactor 


except at very low velocities. Fig 


Fig. 
averaging impact 


patterns but is 


13 showing static pressure versu 
piezometer ring static pressure 


ditates that neither velocity nm 
location along the duct affects 
Fig. 8—U bends made up of two 90 deg elbows of the same inside radius result. 
The preceding discussion ind 


cates that the static tube gives th 
reliable results since it ts 1 
For this re: 


most 
affected by location. 
son and because of its simplicity 
installation and use, static tube 
fixed at the geometric center of t! 
duct were used to make all pres 
sure measurements made in this 11 


vestigation. 
Appendix Il 
The Lehigh Micro-manometer 


To insure accurate results, a ca 
brating manometer, Fig. 14, w 
developed and constructed. T! 
manometer is patterned after on 
by Professor Merriam 
Polytechnic Institut 


made 
Worcester 
The manometer 
314-in. diameter 
ground to the same inside diamet 


consists of I 
glass 
Fig. 9—The same elbows as shown in Fig. 8 but assembled to form offsets 
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AVERAGE IMPACT PRESSURE IN INCHES OF WATER 


Fig. 12—Relation between position along the diameter of duct and impact pressure, as 
measured by an averaging impact tube at different velocities 


and connected by a small brass tube. 
One cylinder is closed and is con- 
nected to the gage being calibrated. 
The other cylinder, open to the at- 
mosphere, is fitted with an indicat- 
ing pointer actuated by a microm- 
eter The micrometer screw 
was made for the manometer and 
is accurate to 0.00015 in. in 5 in. 
The micrometer head is so divided 
that readings are made to the 
nearest thousandth and estimated to 
the nearest ten-thousandth of an 
inch. Elimination of specific grav- 
ity determinations is obtained by 
using distilled water in the mano- 
meter. 

The instrument is used by con- 
necting one leg of the manometer 
to be calibrated to the closed cyl- 


screw. 


inder of the micro-manometer. The 
other end of the manometer is open 
to the atmosphere as is the remain- 
ing cylinder of the micro-mano- 
meter, thus insuring a uniform 
reference pressure. When equi- 
librium has been established, the 
pointer is brought from above into 
contact with the water surface in 
the micro-manometer and a reading 
is taken. Pressure is then applied 
to the tube connecting the two 
manometers and again readings are 
taken. The difference in readings 
of the micro-manometer multiplied 
by two is the correct pressure in 
inches of water. 

Indication of contact between the 
pointer and the water surface is 
given by a vacuum tube ammeter 
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STATIC PRESSURE — IN OF H,0 


Fig. 13—Relation between position 
along the diameter of duct and 
pressure differential between a 
static tube inside the duct and the 
piezometer ring static pressure, at 
velocities from 3600 to 500 fpm 


electric circuit. At the imstant of 
contact the ammeter shows a large 
deflection. The instant of contact 
is indicated in this manner 
nearly correctly than 
achieved by observing the pointer as 
it approaches the water surface. 


more 
can be 


Appendix Ill 


Velocity Calculations for Nozzle 
on Test Set-Up 


Notations 
H head, feet of ait 
h head, inches of water 
ga = 33.2 
QO quantity of air flowing 
d density of air, lb/ft* 
Ve velocity in nozzle, fpm 
Va velocity in duct, fpm 


Ay area of nozzle, ft* 


Aa = area of duct, ft? 
D, = diameter of nozzle 
Da = diameter of duct 
C = nozzle coefficient = 0.99 
Gorernl Nozzle Equation: 
V= Vv 20H 
V = v2 x 32.2 * 624 & h 
d 12 
V 18.3 Vh/d 
Vy, 60 CV 1096.5 Vh/d 
Ve 1084.5 Vh/d 
Ve = QO/Aa 
Ve = V. (As/Aa) 
A./Aa = (Ds/Da)*® 
Ve = 1084.5 Vh/d (D./Da)* 


Appendix IV 
Listed as follows are the dimen- 


sions of the shopmade splitters 
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which were tested in the miter elbow 


and the two-inch elbow. 


For THE Miter ELsow 


Vertical HEIGHT LENGTH Rapius 
72 in 5 in 214 in 
72 in 446 in 2 in 
5% in 4'/4 in 2'4 in 
6 in . ¢ in 
6%% in 34 in 3% in. | 
7% in 612 in 4 in 
7 Min 7%it . oe 
$%% in 2% i 1 % in. 


For THE STANDARD (Two-Incu Rapius) ELsBow 


£36 i 2% in 1 4g in 
7 in 3 in 1 34 in 
ae 4/21 32 i 
6% in 4/1 212 i 
7 in 7: 2 _ 
7 ir 5% 3% ir 
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AN ENVIABLE RECORD 

L. A. Harding ot Buffalo, N. Y., 
recently presented his resignation as 
Commissioner of the Department of 
Public Works of that city, after 
serving for three years and nine 
months. He leaves a record of ac- 
complishments that will be difficult 
for his successors to equal and re- 
cently editorial tribute was paid to 
his efficiency as an administrator by 
the Buffalo newspapers. 

The Buffalo Evening News said: “The 
resignation of Louis A. Harding as Com- 
missioner of the Department of Public 
Works causes general regret. A highly 
capable engineer and an able executive, 
he has established a fine standard of ef- 
ficiency in his depattment. He has been 
an exemplar of the spirit which regards 
public office as a public trust. . . These 
last three years and more the political 
tricksters have avoided the office of the 
Department of Public Works, for they 
have found the atmosphere there oppres- 
sive. Mr. Harding leaves the City Hall 
with the satisfaction of knowing that he 
enjoys the respect of all citizens who 
have a regard for good government.” 

The Buffalo Courier Express said edi- 
torially: “Public Works Commissioner 
Harding, who has submitted his resigna- 
tion, has given the city an able and forth- 
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Fig. 14—The Lehigh micro-manometer with electrical contact indication 


New Data for the Design of Elbows in 
Duct Systems, by L. Wirt, (General 
Electric Review, Vol. 30, 1927 p. 286.) 

Winter Air Conditioning. (National 
Warm Air Heating and Air Conditioning 
Association, 1939, p. 363.) 

ASHVE Heatinc, VENTILATING, AIR 
CONDITIONING GUIDE, 1940, pp. 543 to 560 


ee SS eee 
ight administration of his department 
He took office at a time when the city 


was in dire need of improved manage 
ment. The wisdom of Mayor Holling’s 


appointment has been amply demonstrated 


by the high quality of service rendered 
by the appointee. The Commissioner 
has his own reasons for retirement and 
by his record he has earned not only 
the right to quit public service, but also 
the public’s gratitude for having kept 
the public’s interest foremost during his 
tenure.” 

In a feature article by George 
Laird of the Buffalo Evening News 
staff he lists some of Mr. Harding’s 
accomplishments in the following 
manner : 

“Here are some of his achievements as 
remembered by the people who saw him 
daily—and he was one official who rarely 
was absent from his desk: When he 
started to prepare his first budget he was 
amazed at the number of employees who 
had jobs without work attached to them 
City finances were at low ebb. With no 
fear of political retaliation, which made 
him respected throughout the City Gov 
ernment, he crossed upwards of 200 jobs 

and the persons holding them—off the 
payroll. That “purge” saved thousands 
of dollars and interfered not at all with 
department efficiency. A few weeks later, 
contractors’ plans for electrification of the 


HeAtine, 


Fundamental Constants for Engine: 
ing Computations with Air, by Sani 
A. Moss. (Reprint General Electric 
view, August 1931, pp. 471-476.) 

Engineering Computations for Air a: 
Gases, by Sanford A. Moss and Cheste 


W. Smith. (ASME Transacti 
\PM-52-8.) 
Ward Pumping Station were brought 


him for approval. An expert in that typ 


of plant design, he glanced at the d: 
ings, made a few penciled changes, elin 
inated several unnecessary items 
saved about $50,000.” 

Mr. Harding redesigned Niagat 
Street Bridge at a saving of $1' 
000; razed Elmwood Music Hal 
designed and checked plans for 
\irport Administration Building 
supervised construction of the ne 
Memorial Auditorium; complete! 
motorized his department without 
bond issue; with Budget Direct 
lighting contract at a saving 
$100,000 a year; built part of Per 
Boulevard after removing it fro 
the talk stage; planned the Terra 
Track Ehmination Project to 
point where it would soon get und 
way after 70 years discussion ; mad 


repairs on City Hall; and improved 


water supply to Park Lake. 
“Commissioner Harding dropped 
private business. He is returning to bu 
ness now to write a book on the hist 
of mathematics, part of which someh: 
he has managed to prepare during 


busy four years.” 
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Comfort With Summer Air Conditioning 


Report of the ASHVE Research Technical Advisory Committee on 
Sensations of Comfort: Thomas Chester, Chairman: N. D. Adams, 


C. R. Bellamy, G. D. Fife, E. P. 
F. C. MeIntosh, A. B. Newton, 


GENERATION ago it was 

considered that ideal indoor 

atmospheric conditions 
should be similar to those of a per- 
fect day in June. This was not 
very precise but the idea was good. 
Nature does provide such delightful 
days toward the end of Spring in 
the northern portion of the United 
States and earlier in the southern 
regions. 

Human comfort is promoted in 
winter when the aerial envelope in 
contact with the skin below the 
clothing is easily maintained in a 
sub-tropical condition. 

In summer the metabolic heat 
which can be lost by radiation and 
by convection is less, so it is neces- 
sary for the body to lose more heat 
by the evaporation of perspiration 
under natural atmospheric condi- 
tions. In hot and humid climates 
and also in densely-occupied enclo- 
sures in temperate climates in sum- 
mer, the water vapor content of the 
atmosphere is too high for comfort. 
Under such conditions it is usually 
necessary to reduce both the dry- 
bulb and dew-point temperatures in 
order to assist the human body to 
dispose of heat by convection and 
by evaporation. It should also be 
noted that when the dry-bulb tem- 
perature is lowered, this results in 
a reduction of the average tempera- 
ture of the interior surfaces of an 
enclosure and consequently more 
heat can be lost by the body by 
radiation. 

It may be considered that the 
hody’s primary means of maintain- 
ing its required temperature is its 
regulated disposal of heat by radia- 
tion and by convection, and _ that 
heat loss by the evaporation of 
perspiration is a secondary method. 
It seems rational to assume the 
complete environment, atmospheric 
and physical, should be such that 
the body can freely use all its meth- 
ods of heat disposal, and that it 
should not be compelled by environ- 


_Por presentation at the 48th Annual Meeting 
f the American Soctety or Heatinc ann Ven 
LATING Enctneers, Philadelphia, Pa., Janu 
ry. 1942. 


mental conditions to make undue 
use of one particular method, i. e., 
the evaporation of perspiration to 
the exclusion of the others. 

An average adult in a state of 
little activity must lose heat at the 
rate of approximately 400 Btu per 
hour, both in summer and winter. 
Comfort is attained when this 
amount of heat can be lost without 
any sensation either of cold or heat. 

In the early days of air condi- 
tioning for comfort in summer, the 
chief aim in most cases was to 
remove sensible and latent heat 
from the indoor atmosphere ; usually 
too much of the former and too 
little of the latter, with the result 
that the air felt cold and noticeably 
damp. Even today individuals who 
are susceptible to colds and pul- 
monary troubles are advised by 
their physicians to avoid air condi- 
tioned theaters and restaurants. 

During the past decade a great 
deal of research work has been car- 
ried on in order to ascertain indoor 
atmospheric conditions conducive to 
optimum comfort. Studies have 
been made over a considerable geo- 
graphical range embracing Toronto, 
Minneapolis, Pittsburgh, New 
York, Washington, and San An- 
tonio. The feelings and reactions 
to summer air conditioning of very 
many individuals have been care- 
fully noted. The subjects included 
men and women, old and young, 
and attention was given to the 
clothing worn. 

This resulted in the presentation 
to the Society of many papers 
containing a wealth of detailed in- 
formation, with ably deduced sum- 
maries and conclusions, and disclos- 
ing a general conformity which 
amply warrants reliability. 

During 1940 the Committee on 
Research requested the Technical 
Advisory Committee on Sensations 
of Comfort to review eleven papers 
and in consonance with them to 
make recommendations concerning 
indoor effective temperatures for 
summer occupancies. The papers 
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B. F. Raber and C. Tasker 


given this consideration were 

1.§ ASHVE Researcu Reporr No 
1035—Comfort Standards for Summer 
\ir Conditioning, by F. C. Houghten and 
Carl Gutberlet (ASHVE TrRansa 
rions, Vol. 42, 1936, p. 215.) 

2, ASHVE Researcu Report No 
1055—Cooling Requirements for Summer 
Comfort Air Conditioning, by F. ¢ 
Houghten, F. E. Giesecke, C. Tasker and 
Carl Gutberlet. (ASHVE Transac 
rions, Vol. 43, 1937, p. 145.) 

3. Cooling Requirements for Summer 
Comfort Air Conditioning in Toronto, by 
C. Tasker. (ASHVE TRANSACTIONS 
Vol. 44, 1938, p. 549.) 

t| ASHVE Researcn Reporr No 
1088—Summer Cooling Requirements of 
275 Workers in an Air Conditioned Of 
fice, by A. B. Newton, F. C. Houghten, 
Carl Gutberlet and R. W. Qualley 
(ASHVE Transactions, Vol. 44, 1938, 
p. 337. 

5. ASHVE Researcn Report No 
1101—Seasonal Variations in Effective 


Temperature Requirements, by F. E 
Giesecke and W. H. Badgett. (ASHVI 
TRANSACTIONS, Vol. 44, 1938, p. 559.) 

6. ASHVE Research Report No 
1102—Shock Experiences of 275 Work 
ers After Entering and Leaving Cooled 
and Air Conditioned Offices, by A. B 
Newton, F. C. Houghten, Carl Gutberlet, 
R. W. Qualley and M. C. W. Tomlin 
son. (ASHVE Transactions, Vol. 44, 
1938, p. 571.) 

7. ASHVE Researcn Report No 
1103—General Reactions of 274 Office 
Workers to Summer Cooling and Air 
Conditioning by F. C. Houghten, A. B 
Newton, R. W. Qualley and Edward 
Witkowski. (ASHVE Transactions, 
Vol. 44, 1938, p. 591.) 

8 ASHVE Researcn Report No 
1127—Reactions of Office Workers to Air 
Conditioning in South Texas, by A. ] 
Rummel, F. E. Giesecke, W. H. Badgett 
and A. T. Moses. (ASHVE Transac 
tions, Vol. 45, 1939, p. 459.) 

9 ASHVE Researcu Reporr No 
1136. Summer Cooling Requirements in 
Washington, D. C., and Other Metropoli 
tan Districts, by F. C. Houghten, Carl 
Gutberlet and Albert A. Rosenberg 
(ASHVE Transactions, Vol. 45, 1939, 
p. 577. 

10. ASHVE Researcu Report No 
1153—Seasonal Variation in Reactions to 
Hot Atmospheres, by F. C. Houghten, 
A. A. Rosenberg and M. B. Ferderber 
(ASHVE Transactions, Vol. 46, 1940.) 
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Fig. 1—The above effective temperatures apply to buildings of common construction wherein no unusually large areas are affected 


by solar radiation. 


11. Reactions of 745 Clerks to Sum- 
mer Air Conditioning, by W. J. McCon- 
nell and M. Spiegelman. (ASHVE 
TRANSACTIONS, Vol. 46, 1940.) 

Other papers of pertinent interest 
to this subject, which have been 
published recently by the Society, 
include : 

1, ASHVE Researcn Report No. 
1079—Physiologic Response of Man to 
Environmental Temperature, by F. K. 
Hick, R. W. Keeton and Nathaniel Glick- 
man. (ASHVE Transactions, Vol. 44, 
1938, p. 145.) 

2. Recent Advances in Physiological 
Knowledge and their Bearing on Ven- 
tilation Practice. Report of ASHVE 
Research Technical Advisory Committee 
on Physiological Reactions; C.-E. A. 
Winslow, Chairman. (ASHVE Trans- 
actions, Vol. 45, 1939, p. 111.) 

3. ASHVE Researca Report No. 
1111—Air Conditioning Requirements of 
an Operating Room and Recovery Ward, 
by F. C. Houghten and W. Leigh Cook, 
Jr. (ASHVE Transactions, Vol. 45, 
1939, p. 161.) 

4. ASHVE Research Report No. 
1151—The Peripheral Type of Circula- 
tory Failure in Experimental Heat Ex- 
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sedentary or clerical work. 


haustion—The Role of Posture, by Rob- 
ert W. Keeton, Ford K. Hick, Nathaniel 
Glickman and M. M. Montgomery. 
(ASHVE Transactions, Vol. 46, 1940.) 
5. ASHVE Researcn Report—Com- 
fort Requirements for Low Humidity 
Air Conditioning, by F. C. Houghten, 
H. T. Olson and S. B. Gunst. (ASHVE 
Journat Section, Heating, Piping and 
Air Conditioning, January 1941, p. 57 
6. ASHVE Researcn Report—The 
Influence of Physiological Research on 
Comfort Requirements, by Robert W. 
Keeton, Ford K. Hick, Nathaniel Glick- 
man and M. M. Montgomery. (ASHVE 
Journat Section, Heating, Piping and 
Air Conditioning, March 1941, p. 188.) 
Resulting from a review of the 
first eleven papers listed, it has 
been decided to recommend that the 
United States be divided into four 
zones from north to south, embrac- 
ing a range of recommended indoor 
effective temperatures for design 
from 70 to 73 F. Fig. 1 shows the 
four zones and the corresponding 
recommended indoor effective tem- 


peratures. 
Any idea that finality has been 


They are suited to long periods of occupancy by people in a state of very little activity or engaged in light 
Air velocities 15 to 25 fpm. 


reached is expressly disclaimed, as 
there still remains a wide field for 
research. The recommendations 
apply to buildings approximately 
similar in design and construction 
to those in which the comfort inves- 
tigations were made. In general 
these were of average modern type 
with normal walls and windows. 
Radical departures in design can 
involve variations in effective tem 
peratures conducive to comfort. 

Taking an extreme case, it is 
axiomatic that in an uninsulated 
galvanized iron structure a lowe: 
effective temperature would be de 
sirable, in order to compensate for 
the effect of inward radiation from 
the boundary surfaces subjected to 
solar heat. Maintenance of the 
indoor effective temperature indi- 
cated for the geographical location 
of such a building would not be 
suitable, ever with the solar heat 
gain propcriy computed in the re 
quired cooling load. 

It will be obvious that with a 
rectangular building with long north 
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and south walls practically all glass, 
with short windowless east and 
west walls, and with a central par- 
tition wall running east to west, 
comfort conditions would be dissim- 
ilar in the two enclosures even if 
the same effective temperatures 
were maintained. The difference 
would be very noticeable with un- 
protected windows, and perceptible 
even if awnings were used, due to 
the difference in heat disposal by 
radiation from the occupants of the 
two rooms. In a paper’ previously 
published by the Society, it is 
reported that one of the subjects 
stated in unscientific but unequivo- 
cal language: 

Air conditioning is okey, except along 
the south windows—when the sun shines 
in here it is hotter than outside. I sug- 
gest that you turn on more cold along 
the windows. 

Theaters are windowless and 
usually have false ceilings with roof 
air spaces which afford protection 
against solar radiation. On the 
other hand, they contain many more 
persons per thousand square feet of 
floor area than office buildings. 
Closely packed occupants do not 
lose much heat laterally by radiation 
and loss by convection is less than 
in more sparsely occupied enclo- 
sures. Consequently, the selection 
of suitable effective temperatures 
for theaters offers scope for re- 
search. 

Compensatory action for warm 
boundary surfaces can be produced 
by lowering the dry-bulb tempera- 
ture while still maintaining the 
same effective temperature, but this 
of course involves increased relative 
humidity, and more satisfactory 
results can be obtained by lowering 
the effective temperature and main- 
taining a satisfactory relative hu- 
midity. 

The recommended effective tem- 
peratures for the four zones shown 
by the map are for long occupancy 
periods. In places such as depart- 
ment stores and banks the comfort 
requirements of customers and em- 
ployees differ. Individuals enter- 
ing such air conditioned enclosures 
for short visits find an effective 
temperature best suited to the em- 
ployees to be too cold for comfort. 
The chief cause of the cold shock 


"ASHVE Researcn Report No. 1103—Gen- 
eral Reactions of 274 ce Workers to Sum- 
mer Cooling and Air Conditioning. by F. C. 
Houghten. A. B. Newton. R. W. Qualley and 
Edward Witkowski. (ASHVE Transactions, 
Vol. 44, 1988, p. 591.) 


upon entering is the quick cooling 
of perspiration laden clothing due 
to a hot and humid outdoor atmo- 
sphere. Evaporation tends to lower 
moist garments to the wet-bulb 
temperature of the conditioned air, 
which is considerably below the dry- 
bulb temperature. 

For instance at 73 deg ET with 
50 per cent relative humidity, the 
dry-bulb temperature is approxi- 
mately 79 F and the wet-bulb tem- 
perature 66 F. It is not surprising 
that a pronounced chilling effect is 
produced but what can be done to 
counteract it is not definitely 
known. In cases where most per- 
sons enter an air conditioned enclo- 
sure at the same time, it would seem 
that initially the effective tempera 
ture could be about a mean between 
the outdoor effective temperature 
and that considered desirable for 
indoors, with gradual reduction to 
the required air condition in 20 to 
30 min. Although experiments 
which have been made along this 
line have not been very successful, 
this need not dispose of the method 
and further investigation seems 
warranted. It must be admitted 
that in very many cases attempts 
to provide comfort in summer by 
means of air conditioning result in 
an initial feeling of pronounced dis- 
comfort. 

As regards leaving shock it is 
generally considered that going into 
the hot and humid outdoor atmos- 
phere from an air conditioned space 
is very unpleasant. Some engineers 
are of the opinion that this is due 
to the lag of the sweat glands in 
producing the necessary increased 
exudation of perspiration, and that 
to some extent this may result from 
the higher vapor pressure outdoors. 
Although evaporative cooling is 
sequentially the human body’s sec- 
ondary means of temperature con- 
trol by heat disposal, it is much 
more potent than cooling by radia- 
tion and convection. The only 
method in sight at present for re- 
ducing leaving shock is gradual 
raising of the indoor effective tem- 
perature and this seems restricted to 
enclosures where all the occupants 
leave at about the same time. Main- 
tenance of higher vapor pressures 
indoors is not feasible because this 
would involve higher dewpoints and 
increased relative humidities. 

In the paper? previously men- 


*Loc. Cit. Note 1. 
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tioned, one individual is reported 
as having stated: 

After leaving the air conditioned office 
and entering the warm unconditioned 
places, perspiration began to flow freely, 
and for a short time a sort of dizzy feel 
ing would be felt, but would soon wear 
off. 

This was evidently an extreme 
case because in this same paper 
under the heading Discussion of 
Results the following appears: 

... Better than 35 per cent were frank 
in stating that they felt too warm for a 
while after leaving the air conditioned 
space. However, the duration of the hot 
reaction was in most cases not great, 
and no importance was placed on it... . 

In another paper’, it is stated: 

The warm shock that is felt by per- 
sons leaving an air conditioned building 
is a sensation that is not easily analyzed. 
It is needless to say that any condition 
is emphasized by contrast, but that should 
not necessarily mean that the condition 
is harmful because of the contrast 
Practically the entire group expressed a 
feeling of discomfort immediately after 
leaving the building. 

In general the investigations did 
not disclose that any harmful results 
ensued from leaving shock. From a 
practical standpoint it does not seem 
necessary for air conditioning engi- 
neers to be much concerned about 
this matter, as after all any discom 
fort felt upon leaving an air condi- 
tioned enclosure carries with it an 
appreciation of the comfort felt 
therein. 

On the other hand entrance shock 
can be harmful to persons in deli- 
cate health and the public unques- 
tionably reacts unfavorably to cold 
chills and feelings of clamminess, so 
research work in this direction 
seems worth while. 

The Gurpe defines Comfort Zone 
(average) as the range of effective 
temperatures over which the major- 
ity of adults feel comfortable. Com- 
fort does not suddenly diminish on 
each side of the optimum condition 
when the air contains either more 
or less total heat than is regarded 
as ideal. As shown by the various 
papers, comfort curves are para- 
bolic, whether pertaining to the sen- 
sations of one individual under 
varied atmospheric conditions, or 
to the reactions of large groups of 
people to the same effective temper- 
ature. Ideal conditions are at the 
apices of such curves. Starting at 

®ASHVE Rerorr No. 1127—Reactions of 
Office Workers to Air Conditioning in South 
Texas, by A. J. Rummel, F. E. Giesecke, W. H 


Radgett and A. T. Moses. (ASHVE Trans 
actions, Vol. 45, 1989, p. 459.) 
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the base of a curve on the cold side, 
seven primary and perceptible vari- 
ations in comfort can be indicated 
graphically, as follows: 

(1) Cold. 9 deg ET below optimum. 

(2) Too cool. 6 deg ET below opti- 

mum. 

(3) Comfortably cool. 3 deg ET 

below optimum. 

(4) Ideal comfort. Optimum effective 

temperature. 

(5) Comfortably warm. 3 deg ET 

above optimum. 

(6) Too warm. 6 deg ET above 

optimum. 

(7) Hot. 9 deg ET above optimum. 

Individuals vary considerably in 
their opinions of the effective tem- 
peratures conducive to comfort. A 
great deal of information is given in 
the papers listed which it does not 
seem necessary to reprint in this 
digest. 

It seems fo have been proven that 
women prefer somewhat higher 
effective temperatures than men and 
that people over forty like higher 
temperatures than those under 
forty. This indicates the impossi- 
bility of establishing effective tem- 
peratures which are ideal for all 
people and all that can be done is 
to establish standards which will 
be objectionable to the smallest 
number. It is perhaps reasonable 
to attribute the difference in opinion 
of men and women in this matter 
to differences in clothing. It is 
rational to suspect that those men 
who feel somewhat too warm in an 
indoor atmosphere which suits the 
large majority of men and women 
are wearing heavier attire. 

As previously stated the recom- 
mended effective temperatures apply 
to enclosures of common construc- 
tion not unduly affected by solar 
radiation. They are suited to long 
periods of occupancy by people 
engaged in light sedentary work. 
Lower effective temperatures are 
necessary for persons engaged in 
occupations involving greater activ- 
ity, as heat output increases with 
muscular effort. 

The recommended effective tem- 
peratures also apply to enclosures 
in which the average air velocity is 
from 15 to 25 fpm. Perhaps in the 
future it will be possible to provide 
higher air velocities and thus go a 
little way in imitating nature, as the 
average air movement outdoors is 
in excess of 500 fpm. With present 
types of building construction it is 
not feasible in most cases to exceed 
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the air velocities stated, without 
causing objectionable drafts. 

The earliest recorded case of the 
employment of mechanical refriger- 
ation in cooling air for comfort, was 
that of an ammonia system installed 
by a British firm at a Rajah’s pal- 
ace in India in 1887. In that coun- 
try cooling by means of air move- 
ment has been in use from time 
immemorial. Manually operated 
punkahs or air beaters have gener- 
ally been superseded by motor 
driven ceiling fans where electricity 
is available. In offices the overhead 
fans discharge air towards the ceil- 
ing and this provides good air 
movement without disturbance of 
papers on desks. 

Desk fans and ceiling fans are still 
in wide use in the United States. In 
the drier regions their use along 
with evaporative cooling goes a long 
way in the alleviation of hot weather 
discomfort. Generous air velocities 
can be arranged as under such con- 
ditions drafts are not unpleasant, the 
effect being more or less similar to 
that of a breeze in the open air. Air 
conditioning by means of refriger- 
ated air is in a different category, as 
currents of air introduced at 15 F or 
more below the maintained room 
temperature can be very objection- 
able. 

In many tropical countries it is 
customary to provide buildings with 
wide verandahs to keep out the sun 
and rain, and to allow free air move- 
ment by means of large open win- 
dows. In air conditioning work the 
fascination of mechanical contriv- 
ances has almost obscured the old 
and inexpensive efficacy of removing 
heat from the skin by means of air 
circulation. 

The question of relative humidity 
must receive consideration. The 
Comfort Chart developed in the So- 
ciety’s Laboratory and reproduced 
in THe Gutpe has stood very well 
the test of time. Recent investiga- 
tions have disclosed its substantial 
accuracy for comparatively low rela- 
tive humidities—in the neighbor- 
hood of 30 per cent. Although as a 
matter of scientific interest it was 
desirable to study comfort reactions 
with relative humidities up to 100 
per cent, no one would think of us- 
ing them for ordinary installations. 
The Comfort Chart shows a shaded 
area indicating a desirable relative 
humidity range of from 30 to 70 per 
cent. It is recommended that the 
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relative humidity for summer con 
fort should not be in excess of « 
per cent and that more satisfacto: 
results can be obtained with low: 
relative humidities. 

As regards to the four differe: 
effective temperatures shown by t! 
map, human adaptation to climat 
conditions is generally accepted an 
it seems reasonable to believe tha: 
an individual who lives in the low 
lands of the deep south where sug: 
cane is grown is more inured to heat 
and humidity than a person w! 
lives near the Canadian border. 

This is backed up by experienc: 
in other parts of the world. It wa 
found that summer comfort was ol 
tained at much higher than 71 deg 
ET for foreigners residing 
Shanghai, where climatic conditions 
are more severe as regards heat and 
humidity than those of the Gull 
states in this country. The Londo: 
School of Hygiene and Tropical 
Medicine recommends 85 F dry-bulb 
and 72 F wet-bulb for Nigeria, and 
this represents 78.2 deg ET, whic! 
is well outside the shaded area 
shown on the Comfort Chart. 

For ships which travel the tropi 
oceans, a suitable condition of the 
outboard atmosphere assumed as a 
basis for design, which occasionally 
will be exceeded, is 90 F dry-bulb 
84 F wet-bulb, 80 per cent relative 
humidity, 82.5 F dew-point, and 
11.95 grains of water vapor per 
cubic foot of moist air. For this 
condition the effective temperatur 
is 86 deg. The high humidity is 
due to the fact that the ocean sur 
face is at 82 to 85 F, with water 
temperatures in excess of these in 
ports and in narrow seas. 

Under such climatic conditions it 
is suitable to maintain in the fully 
occupied air conditioned spaces, 82.5 
F dry-bulb, 69 F wet-bulb, 50 per 
cent relative humidity, 62 F dew 
point, and 5.96 grains of water 
vapor per cubic foot of conditioned 
air. The effective temperature for 
this condition is 76 F, which is well 
in excess of the standard recom 
mended for the southernmost por 
tion of the United States. Any a; 
preciably lower effective tempera 
ture than stated would be too cold 
on the tropic oceans, because the 
passengers spend a great deal of 
time on deck in the open air ané 
tend to become acclimated to ‘ts 
high total heat content. 

The Comfort Chart shows an 0} 
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timum of 66 deg ET for winter and 
71 deg ET for summer. This is 
indicative of adaptation of the human 
body to climatic conditions, so to 
summarize the foregoing it seems 
rational to provide different opti- 
mum indoor effective temperatures 
in different portions of the United 
States. 

In most places heat intensity is 
governed by the mid-day elevation 
of the sun above the horizon, so lati- 
tude is the chief determining factor. 
As regards altitude, the temperature 
of the atmosphere falls somewhat 
more than 5 F for each increase of 
1,000 ft in elevation ; the effect being 
modified by a slightly increased tem- 
perature of surfaces exposed to 
direct rays of the sun. The direc- 
tion of prevailing winds also influ- 
ences climates, as a wind is an at- 
mospheric drift. In summer in this 
country the wind is mostly from the 
southwest. In the northern hemi- 
sphere sustained north winds re- 
sult in lower air temperatures. In 
seaboard regions ocean currents also 
affect climates. On the west coast 
the current from the north tempers 
summer heat intensity, and on the 
east coast the Gulf Stream moder- 
ates the rigors of winter as far north 
as Cape Hatteras, 

The endless procession of the sea- 
sons is due to the inclination of the 
earth’s axis to the plane of its orbit 
around the sun. This causes the 
elevation of the sun at noon to be 
47 deg higher on June 21 than on 
December 21 for regions in the 
northern hemisphere. Disregarding 
the reductions consequent to vary- 
ing distances of penetration of the 
atmosphere, solar heat received per 
square foot of horizontal surface 
varies with the sine of the angle of 
the sun’s elevation. It should be 
noted that places in high latitudes 
have more hours of sunlight per day 
in summer than places nearer the 
equator, and this introduces a varia- 
tion factor. Maximum temperatures 
are reached in most regions about 
four weeks after maximum solar ele- 
vation, due to accumulation of heat 
in the atmosphere. Temperature 
drop during the night, due to radia- 
tion to interstellar space, is least 
when the sky is cloudy and greater 
when there are no clouds. Although 
entirely outside the field of air con- 
ditioning and in no way a substitute 
therefor, discomfort caused by sum- 
mer heat can be somewhat alleviated 


by means of copious ventilation with 
relatively cool night air. 

The effective temperatures shown 
in Fig. 1 are based on the design 
data given in the 1941 edition of 
THe Guipe (p. 126). Design dry- 
bulb and wet-bulb temperatures are 
not maxima and consequently when 
peak summer weather conditions 
are experienced, the recommended 
indoor effective temperatures will 
be exceeded. Refrigerating plants 
are usually figured for design con- 
ditions and beyond their maximum 
capacity indoor dry-bulb and wet- 
bulb temperatures float with the total 
heat load. This is sometimes aggra- 
vated by decreased refrigerating ef- 
fect in hot and humid weather, espe 
cially when atmospheric condensers 
are used. 

With indoor effective tempera- 
tures as shown in Fig. 1, accurate 
thermal appraisals with recently 
available instruments, including 
globe thermometers, would disclose 
a greater difference between the 
northern and southern zones than is 
denoted by a difference of 3 deg in 
effective temperature. When it is 
considered that in one case the out- 
side atmosphere is around 80 F and 
in the other case above 90 F it will 
be realized that room boundary in 
ternal surface temperatures will be 
somewhat more in excess of main 
tained indoor dry-bulb temperatures 
in the south than in the north. The 
differential which has a direct effect 
on comfort due to the lessened heat 
disposal from the occupants by radi- 
ation, is increased owing to the fact 
that the walls of buildings are usu 
ally thinner in the south than in the 
north. 

As is well known, air condition 
ing is largely used in the Govern- 
ment buildings in Washington, D. C. 
Recent information concerning them, 
although not appearing in the pa- 
pers reviewed, will be of interest. 

For various outside dry-bulb tem- 
peratures the logs for July and Au- 
gust, 1940, indicate that the follow- 
ing effective temperatures were sat- 
isfactory for the Senate Chamber : 


INSIDI 


Out-stneE Dec F Errective Tempe 


Under 76 70.5 
Between 76 and 80. 71.0 
Between 81 and 85. 71.4 
Between 86 and 90. 71.8 
ain ae 
i- ‘ 


Between 91 and 95. . | 


The above effective temperatures 
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are averages of eight readings tor 


each group; each reading taken on 
a different day. The readings aré 
scattered through the two months, 
with the exception of the last group 
which is confined to a period of 
about three weeks during the last 
of July. \ study of the logs in se 
quence reveals a trend which is not 
apparent from the above table. This 
is, that for sudden changes in out 
side temperatures very little or no 
change in inside effective tempera 
ture is desirable. However, for a 
gradual increase in outside tempe! 
atures over a few days, it is desi 
able to increase the effective tem 
peratures indoors. 

This checks with the theory that 
the human body adapts itself to chi 
matic conditions. Aiter a pro 
nounced heat wave in New York 
City which commenced July 19, 
1940, and continued for 12 days, it 
was observed that when it abated 
somewhat, comfort was experienced 
in an un-air-conditioned room in 
which the atmosphere was at 85 I 
dry-bulb, 73 F wet-bulb, 56 per cent 
relative humidity, with interior sur 
face temperature of the walls at 82 
I, The equivalent effective temper 
ature of 78.6 deg was conducive to 
comfort after tropical climatic con 
ditions lasting 12 days. 

Reverting to Washington, en 
deavor is made there to maintain 
dry-bulb temperatures of from 76 to 
78 F with 50 per cent relative hu 
midity throughout the buildings on 
Capitol Hill during the summet 
With very few exceptions the room 
temperatures may be varied at will 
by the occupants by resetting the 
individual room thermostats. It has 
been found that people from south 
ern states, older people, and women, 
require in general a higher temper 
ature than others. From experience 
those in charge are strongly opposed 
to indiscriminate changing of indoor 
conditions to comply with any theo 
retical desirable relation between in 
side and outside temperatures, for 
the particular buildings under their 
supervision. It has been ascertained 
that too many variables are involved, 
such as the type of occupants, the 
length of occupancy, the rate of out 
door temperature change, etc. The 
logs for the Senate Chamber do not 
show the desirability of maintaining 
somewhat lower than normal effec 
tive temperatures to compensate for 
counter radiation between the occu 
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pants. It is thought that this may 
be explained by the fact that the 
spacing of the occupants is much 
more generous than in an average 
theater, and also because the occu- 
pants are well above the average age. 
In the Capitol buildings the length 
of occupancy is from 3 to 9 hours, 
and it is considered important to 
maintain conditions desired by the 
regular occupants, without regard to 
the reactions of transients. It is held 
that the matter of entrance shock 
has been over-emphasized by others, 
as it is found of no importance. 
However, during the summer many 
of the entrance halls have higher 
temperatures than the interior 
rooms, and this is regarded as desir- 
able. It is recognized that entrance 
shock is reduced by means of the 
warmer entrance halls. 

In winter, maximum comfort is 
obtained by maintaining a 68 deg 
ET, which is 2 deg in excess of the 
optimum indicated by THe GuIDE, 
but it is thought that this again can 
be attributed to the fact that the 
occupants mainly considered are of 
more than average age. 

This paper may be regarded some- 
what as an interim report, as there 
is still a good deal to be learned con- 
cerning the interplay of radiation as 
affecting comfort in summer, be- 
tween the occupants of air condi 
tioned buildings and their physical 
environments. It is desirable that 
research be made in order to gain 
knowledge of important factors 
which at present are obscure or un- 
known. The Technical Advisory 
Committee on Radiation and Com- 
fort has this subject under consid- 
eration and research work regarding 
it is now being carried on at the 
University of California. 

In conclusion it must be stated 
that the four zonal effective temper- 
atures shown in Fig. 1 should not 
be considered as inflexible require- 
ments in all cases. Economic aspects 
have to be regarded and where lim- 
ited financial resources prevent the 
installation of equipment capable of 
producing ideal comfort in summer, 
the aim should be to alleviate dis- 
comfort as far as funds permit. 





BRITISH STANDARDS IN 
WARTIME 
Before the outbreak of war 
the British Standards Institution, 
which is the recognized center for 
the promulgation of all national 
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British Standards, offered H. M. 
Government the services of the In- 
stitution, as a complete unit, in the 
national emergency. This offer was 
most cordially received and the va- 
rious Departments of State were 
duly informed of the proposal. 

At the outbreak of war the BS/ 
realized that its peace-time pro- 
cedure was inadequate to deal ef- 
fectively with the demands imposed 
by the changed conditions, and 
especially by the need for rapid 
action. Therefore, a number of 
small executive committees were set 
up for the various sections of its 
work, these being made fully re- 
sponsible for the preparation of any 
War Emergency Specifications the 
Institution might be called upon to 
undertake. The executive commit- 
tees were given authority to restrict 
the usual wide consultation of in- 
dustry to those interests directly 
concerned, and the reduction of the 
time usually given for comment on 
draft standards. It is, of course, 
understood that any British Stand- 
ards issued under wartime proced- 
ure will come under review directly 
when peace comes again. As an in- 
dication of the value of the work of 
the BS], it may be mentioned that 
the first issue of the War Emer- 
gency Specifications for tins and 
cans for food products and other 
commodities is estimated to have 
saved 40,000 tons of steel in the first 
vear. The British Standards, specifi- 
cally mentioned in the Government 
Order, have been issued with the ap- 
proval of the Minister of Supply 
following the recommendations of 
the economy committees set up by 
the Materials Committee. 

A further example of the employ- 
ment of the BST by the Ministry in 
effecting saving of material is the 
issue of a War Emergency Specifi- 
cation for bolts and nuts with 
smaller heads, which, it is estimated, 
will save many thousands of tons of 
steel a year. 

The Institution is also rationaliz- 
ing alloy and special steels and a 
committee under Dr. W. H. Hat- 
field, F. R. S., has drawn up a con- 
fidential report. 

This war work has in no way 
prevented the BS/ from maintain- 
ing its usual close relationship with 
the Dominions standardizing bodies, 
which have been kept in close touch 
with these developments. 


J. J. NESBITT 
DIES AT 73 


John J. Nesbitt, president of Joh: 
J. Nesbitt, Inc., Holmesburg, Pa 
manufacturers of heating and venti 
lating equipment, died in Lankena) 
Hospital, Philadelphia, Pa., on Sep 
tember 11. 

Mr. Nesbitt was born in Dublin 
Ireland, in 1868 and received hi 





John J. Nesbitt 


early education there in private 
schools. He came to this country 
at the age of 15, and from 1885 
1890 he attended Joseph School in 
Philadelphia, and entered the em 
ploy of Baker and Smith, New 
York, in 1890, where he remained 
for four years. 

He was one of the leading con 
tractors in the heating and ventilat 
ing of school buildings, and was im 
charge of the designing, erecting amd 
managing of the central hot wate: 
plant in Atlantic City, and in more 
than 500 hotels, schools, office build 
ings, residences and power plants 

He devoted his entire business 
career to the field of heating, venti 
lating and air conditioning, and in 
1917 he invented a schoolroom unit 
ventilator that met with wide ac- 
ceptance. 

Mr. Nesbitt joined the Society in 
1923, and at the April 1938 meeting 
of the Council, action was taken to 
confer the grade of Life Member 
ship upon him. 

Mr. Nesbitt was a familiar figure 
at the Society meetings and will be 
missed by his many friends and as 
sociates in the heating and ventilat 
ing field. 

The Officers and Council of te 
AMERICAN Society or Hpwtiné 
AND VENTILATING ENGINEERS €X 
tend their sincere sympathy to his 
sons, Albert J., John J, Jr., and! 
Harry J. Nesbitt, and to his daugh 
ters, Mrs. John McElgin and Mrs 
Richard Thurber, who survive 
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Recent Developments in Absorption 


© many people the mention 

of absorption — refrigeration 

calls to mind an antiquated 
and discarded form of the art of 
refrigeration. Ten years ago, this 
concept of absorption refrigeration 
might have been valid, but today 
this branch of the art is rapidly 
coming to the fore in many new and 
interesting guises. It is the purpose 
of this paper to present a brief re- 
view of the general absorption cycle, 
to bring out some of the underlying 
reasons for the revival of absorption 
refrigeration, to consider the types 
of equipment now being manufac- 
tured and to inquire briefly into the 
economic position of absorption 
refrigeration, both from an oper- 
ating point of view and from the 
point of view of first costs. 

In order to cover the points out- 
lined for discussion, it is desirable 
to make certain definitions for the 
purpose of understanding this paper. 
In the same way that the Coefficient 
of Performance is used as the crite- 
rion of performance in compression 
refrigeration, so the energy ratio 
(&) can be used in a discussion of 
absorption refrigeration. Through- 
out this paper, (2) will be defined 
as the gross heat input (in the form 
of fuel) divided by the net refriger- 
ating effect ; for example, if a direct 
gas-fired absorption refrigeration 
machine takes 24,000 Btu per hour 
at the burner per ton of refrigera- 
tion, then (R) will equal 2.0. A 
two-fluid absorption — refrigeration 
machine, for the purpose of this 
discussion, will be any machine in 
which there are employed only two 
working substances; one acting as 
a refrigerant and one as a solvent. 
A three-fluid absorption refrigera- 
tion machine will be defined as a 
machine in which there are two 
working fluids and one inert fluid. 
A self-energized absorption refrig- 


*Memeer or ASHVE. 

Presented at the Semi-Annual Meeting of the 
American Society or HEATING AND VENTILAT- 
ad Enctneers, San Francisco, Calif., June, 


Refrigeration 


By Glen Miller*, Los Angeles, Calif. 


eration machine will be defined as 
any absorption refrigeration machine 
in which no external source of 
power as electric motors or steam 
pumps, are used to cause the cir- 
culation of the liquids within the 
machine. A_ standard absorption 
refrigeration machine will be a two- 
fluid machine utilizing an electric 
motor for circulating the solution 
within the machine. 

The most familiar absorption re- 
frigeration machine is probably the 
ammonia-water machine which dates 
back to the early nineteenth cen- 
tury. In this machine the con- 
denser, receiver and evaporator are 
ordinarily the same as they are in 
a compression refrigeration cycle, 
but the cold low pressure refriger- 
ant vapor 1s absorbed into a water 
solution with a consequent libera- 
tion of heat in a device known as an 
absorber and thence pumped through 
a heat exchanger to the generator 
where, with the application of heat, 
ammonia gas is driven off the solu- 
tion and is condensed in the con 
denser, after being rectified by one 
device or another. The hot weak 
liquor from the generator then 
passes back from the generator to 
the absorber through the heat ex- 
changer and thus completes the 
cycle. The power required to pump 
the refrigerant vapor as dissolved 
in the liquor from the low pressure 
prevailing in the evaporator to the 
high pressure prevailing in the gen- 
erator is but a small fraction of the 
power required to compress ammo- 
nia gas or vapor between these two 
pressures. A substantial amount of 
heat is required to liberate this gas 
from the liquid in the generator and 
consequently power is saved by the 
expenditure of substantial quantities 
of less expensive, lower grade 
energy in the form of heat. 

The basic absorption refrigeration 
machine can be said to consist of 
an evaporator, an absorber, a heat 
exchanger, a generator and a con- 
denser, in which at least two work- 


Hearinc, Preinc anp Am Conprriontne, Ocroser, 1941 


ing fluids are used as refrigerant and 
solvent. The distinctive feature of 
the absorption cycle is that the low 
pressure refrigerant vapor is lique 
fied in the absorber and that refrig 
erant and solvent are separated in 
the generator to allow relatively 
pure refrigerant to pass to the con 
denser. The cycle is thermal rather 
than mechanical. 

In the writer’s opinion, t 
two basic reasons for the’ newly 


he re art 


aroused interest in absorption refrig 
eration machines and this interest 
has in turn caused manufacturers to 
expend large sums of money in the 
development of new and improved 
equipment. These two basic rea 
sons are the desire of the fuel indus 
tries to acquire a summer load as an 
offset to the winter peak which 
exists in all of the fields of fuel 
utilization, and concern occasioned 
by the summer peak now developing 
on the electric power systems. This 
summer peak is caused in some parts 
of the country by air conditioning 
load and in other parts of the coun 
try by agricultural pumping load 
In any case, the superimposing of 
the additional summer peak load of 
air conditioning is relatively un 
profitable unless this peak can be 
compensated by winter usage, be 
cause the annual load factor for 
summer air conditioning equipment 
alone is on the order of 10 to 20 
per cent. Fuel industries have, on 
the other hand, a winter peak with 
an annual load factor of from 15 
to 30 per cent for heating and are 
in the position of being able to 
supply low grade energy for summe: 
cooling without any extension in 
service facilities and consequently at 
a low energy cost. It is probable 
that in the next 10 years a cond 
tion will develop in which the aver 
age cost of power for air condition 
ing purposes will tend to rise 
because of the necessity for the 
power companies to recover the full 
cost of service to air conditioning 
consumers. 

Many variations are possible on 






































the simple absorption cycle. In 
general, these variations take the 
form of: 

(1) Different working fluids. 

(2) The addition of other working 
fluids to the two used in a standard cycle, 
which will not be discussed. 

(3) The addition of inert fluids. 

(4) The elimination of the pump re- 
quired to circulate the solution in the 
standard cycle. 

(5) Improvement in design and con- 
strrction of the standard ammonia-water 
machine. 

(6) Reabsorption cycles which will not 
be discussed here. 

The most interesting recent devel- 
opments in the absorption refriger- 
ation field are probably the develop- 
ment of the three-fluid refrigeration 
cycle, the improved ammonia-water 
machine, the methylene chloride 
machine, the water-lithium chloride 
machines, the many self-energized 
ammonia-water machines, and the 
developments by several manutiac- 
turers in the use of halogenated 
hydro-carbon compounds as_ the 
working fluids in absorption refrig- 
eration machines, 

The most interesting three-fluid 
unit uses ammonia as refrigerant 
and water as a solvént with a third 
inert fluid to balance the total pres- 
sure in the high and low side of the 
system. This unit is the familiar 
gas-fired domestic refrigerator. The 
largest units of this type in use com- 
mercially are of one-half ton ca- 
pacity. 

Refinements have been introduced 
in the two-fluid ammonia-water 
machines such as the substitution 
of a bubble plate column for the 
conventional generator - rectifier 
system. 

In the past 10 or 12 years, much 
work has been done on the substi- 
tution of other working fluids for 
the ammonia-water used in the old 
absorption machine. The reports of 
Zellhoefer' cover this work well and 
thoroughly. The refrigerant used 
by one firm is methylene chloride 
and the solvent is dimethyl ether of 
tetraethylene glycol. Some proper- 
ties are shown in tabulation and 
operating data for one season’s oper- 
ation on a nominal fourteen ton 
machine are shown in Table 1. 


‘Summer and Winter Air Conditioning by 
Low Pressure Steam, by G. F. Zellhoefer. 
(ASHVE Journat Section, Heating, Piping 
and Air Conditioning, April, 1937, p. 265.) 
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For normal air conditioning service : 
Rey - a GUE. 5 is va ihn wc ket 
vinbee nian ware 22 in. to 24 in. hg vacuum 
es WD OU oi cain c caxevoa gust 
ES HY About % lb per square inch gage 
Approximate heat balance (Btu per ton 


per minute) 
Heatinto Heat out of 


cycle cycle 
Evaporator ..... 200 
Absorber .... : 330 
i bcawes ve 2 
Generator .. ¢. 365 
Condenser ...... 237 
567 567 


Heat transferred 

in exchanger .. 290 290 

Among the most efficient absorp- 
tion machines which have yet been 
produced are the water - lithium 
chloride self - energized machines. 
Water is the refrigerant and lithium 
chloride is the solvent. Circulation 
of the liquors is produced by a jet 
pump or percolator. High effi- 
ciencies (RK = 2 or less) are ob- 
tained and the cooling can be applied 
directly to an air stream or a second- 
ary refrigerant can be used. The 
cycle offers some possibilities for 
greatly reducing the condensing 
water requirements by increasing 
the temperature (and pressure) of 
condensing, but this development is 
still in the experimental stage. One 
such unit was field tested extensively 
last year and is in limited production 
this vear. 

A test of one field installation at 


Table 1—Summary of One Year’s 
Operation 


Machine size 14 ton 
Steam supply | Gas fired boiler 


Volume cooled | 43,400 cu ft 

Gas Consumption tel * 
Cooling 375.1 Mcf 
Heating 306.2 Mcf 


Electric Consumption@ 


| 
Cooling 6,792 kwhr 
Heating .| 4,454 kwhr 
Cooling | ee 


Gas—1000 cu ft vol 8 .64 Mef per year 
Elec.—1000 cu ft vol..| 156.5 kwhr per year 





"Includes fan power and evaporative con- 
denser power. 

This installation at Santa Ana, Cal., is in a 
territory where the normal design conditions 
are: Outside 95 F dry-bulb and 70 F or 71 F 
wet-bulb; Inside 80 F dry-bulb and 65 F wet- 
bulb for cooling. For heating, normal design 
temperature is 30 F. The climate is such that 
both heating and cooling will be required on at 
least 50 days of the year. Automatic control 
switches the machine from heating to cooling 
and back to heating with the thermostat settings 
as follows: (1) Below 75 F heating; (2) 75 F 
to 79F ventilation; (3) Above 79 F cooling. 

Approximately 900 equivalent full hours of 
operation are the normal heating load and or- 
dinarily the cooling operation is considered to 
be 800 to 1000 equivalent full hours of opera 
tion, both on an annual basis. 


Montebello, Calif., gave the follow 
ing results: 
. 2,160 Cim 
..74 F Dry-Bulb 
61 F Wet-Bulb 
. 56 F Dry Bulb 
3 F Wet-Bulb 


Air Flow 
Air to evaporator 


Air from evaporator. .. 


Condensing water 


a ees eae 89 Ib per minute 
Temperature in . mo 
Temperature out . .95 F 


. 83.4 cu ft per hour 
104,000 Btu per ho 
. 838 Btu per minut 
4.19 tons 


Gas consumption 
Net refrigeration 


BGG? GUD sh dcccietces R = 2.07 


A 240-hour sustained test showe 
an average value for (R) of 1.94 
including all losses and the result 
were extrapolated for a full seaso: 
of 1,000 hours. 


Total cooling period 


(Equivalent full hours) 1,000 
Total refrigerating effect 
(In ton hours)..... ‘ 4,470 
Total gas consumption 101.9 M 
Total water consumption 118.7 Me! 
Power consumption 
1,380 kw 


(Including fan operation) ; 

The 240-hour sustained test figures wer 
obtained by an artificial loading by the use 
unvented space heaters. In wunvented spa 
heaters burning natural gas, the latent heat 
total heat ratio is approximately 0.11. 


Many attempts have been mack 
to adapt the ammonia-water system 
to a small hermetically sealed refrig 
eration system without resorting to 
inert fluids covered by patents but 
none have been marketable. Inter 
mittent operation and cyclic pressur: 
balancing by weak solution inflow to 
a balancing chamber are among thx 
methods used. 

At this time, work is being car 
ried out on the development ot 
absorption machines using as both 
refrigerant and solvent halogenated 
hydro-carbon compounds. Some otf 
these systems appear to be promis 
ing. Such combinations of chemicals 
lend themselves to either standard 
machines or to self-energized ma 
chines and some information 1s 
given on them as on other machines 
in Table 2. 

Considering the economic prob 
lems which rise out of variations 
between absorption and compression 
equipment in first cost, the problem 
is complicated and presumably must 
be studied in each particular loca 
tion for each particular machine. |: 
general, it can be said that the 
condenser and evaporator are thi 
same on both the absorption and 
compression machines. In general, 
in the water cooling mechanisn 
whether it be well water or cit 
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water wasted to the sewer, spray 
pond, atmospheric tower, or induced 
or forced draft tower, the heat re- 
moval will be from 1.7 to 3.0 times 
as great on absorption machines as 
on compression machines, consider- 
ing only those machines that have 
energy ratios such as to make them 
an economic factor in the refrigera- 
tion field. An absorption machine 
with an energy ratio of 1.43 will 
have to dissipate in the cooling water 
at least 1.7 times as much heat as a 
compression machine, while an en- 
ergy ratio of 3.43 will require the 
dissipation of three times as much 
heat in the cooling water as in the 
compression machine, assuming a 
boiler efficiency of 80 per cent. The 
cost of heat exchanger, boiler, ab- 
sorber and pump ordinarily must be 
equated against the cost, in the 
standard compression cycle, of the 
compressor. In many cases, the 
boiler will already be in existence, 
or steam for driving the absorption 
machine may be available from dis- 
trict steam mains and consequently 
the cost of the boilers frequently 
does not enter the computation. It 
is probable that in the small and 
medium sizes (up to 25 tons capac- 
ity) the absorption equipment can 
be produced at or below the level of 
present costs of the standard com- 
pression cycle. The major differ- 
ential in cost then probably will be 
in the water disposal means and this 


Table 2—Information on Several Commercial 








will add, on the basis of twice the 
water requirements for the absorp 
tion machine, about $20.00 per ton 
of installed capacity. 
Operating costs of 
equipment as contrasted with com- 
pression equipment are influenced 
by several factors, the most impor- 
tant of which are power costs, fuel 
or steam costs, water costs and the 
value (RX) for the 
particular machine. 
For purposes of com- 
parison, it can be as- 
sumed that a compressor will re- 
quire one kilowatt hour per ton of 
refrigeration and the condensing 
water auxiliaries will require ap- 
proximately 0.1 of a kilowatt hour 
per ton hour. The water make-up 
costs are more difficult to figure, but 
for the sake of analysis, one can as- 
sume that 1 cu ft of water at 10c¢ per 
Ccf will be required for make-up 
per ton per hour on compression re- 
frigeration. For the absorption re- 
frigeration machine the power to 
circulate the liquor will be on the 
order of 0.1 of a kilowatt per ton 
and the auxiliary cooling water 


absorption 


power will vary with the value of 

(R) as will the make-up water. 
With these assumptions the equa- 

tion for equal operating costs (neg- 

lecting for the moment fixed charges 

and maintenance) is as follows: 

Let A = Average power cost in cents per 

kwhr 


PumPING HP For 


























MAKE OF Net Bru | Pumpinc CooLinGc WATER 
MACHINE REFRIGERANT | SOLVENT INPUT HP For BASED ON ATMos- 
| PER Ton | SoLvuTIONs PHERIC Tower) | 
A Methylene Chloride Dimethyl Ether of Tetra-| 18 to 20M | 0.1 0 2 " 
ethylene Glycol 
B Water | Lithium Chloride or ees ax. 
Cc Ammonia Water | Approx. 30M 0 Appr - 0.333 
D Ammonia Water | 21M 0.1 0.16 
E Ammonia Water 45M 0 ’ 
Pe Sulphur Dioxide Acetone | Approx. | - 
| 13.7M 
G Freon-114 Carbon Tetrachloride | 288M | - 
H Freon-21 Tetrachlor-ethylene) - -- | — 











@ Forced draft tower. 
> Water is ordinarily wasted with this unit. 


14 + 0.1. 


1 


and Experiment 


1. 0.1 = ——— § -- 0.14 





Let B = Average fuel cost m cents per 
therm 

Let XK = Energy ratio as previously ck 
fined 

N ote In most instances, the average rat 

for the power required will be approximately 

equal for both compression and absorption cycles 

and will be so considered in the following 

equation for equal operating costs. 


Then, for equal operating costs, 
on a standard cycle 


12,000K 
t RAA + RA 


100,000 


This equation can be reduced to 


RB + 0.85R — 0.85 10 
A={ — ss 
8.5 10-R 
\ ote The additional power for circulation 


cooling water and the additional cooling 

water make-up required will vary not directly 
with R but in accordance with the fact 

(1 + 8/10R) 
1.25 


parison, however, the use of the proportionalit 


for the purpose of this com 


factor R is sufficiently accurat 


This relationship is shown on Fig. 1 for 
varying values of R. 
For a self-energized machine, the equation is 
RB + 0.85 R — 0.85 10 
Ee ; oe, siaaiaes 
8.5 11-RK 


This relationship is shown on 
Fig. 2. 

No consideration of the economic 
picture of refrigeration equipment 
is complete without some considera- 
tion of the problem of maintenance. 
It has been the author’s observation 
that on the self-energized hermetic- 
ally sealed absorption machines that 
maintenance may easily be sub- 


al Machines 


EQUIVALENT 


ENERGY Evecrric Cost TONNAGE 
Ratio | FOR FUEL at RANGI 
ic per THERM 
21 1 4c per KWHR 5 to 40 
1.67 | 1.0cper KWHR | 3 to & 
37 | 2 8c per KWHR About 2.5 
23 | 1.6c per KWHR 100 to 1,000 
5.0 | 4.6c per KWHR 0 1to0 5 


143 | 0.7¢ per KWHR 


| 3.0 2 3c per KWHR 
2.5 | 1.8c per KWHR 


© This combination of working fluids probably cannot be used commercially because of corrosion and polymerization problems 


A. Data represent the average of manufacturer's ratin , : I > a ’ i 7 

q : gs and have been checked by the author to very close tolerances in the field. Th : 

been installed about 3500 tons capacity of this equipment. ; acon pee Dam 
- Data represent manufacturer’s rating and have been checked to within the limits of error of 


equipment reports that about 1500 tons capacity will be marketed this year, most of which will be 


C"Bata obtained 


E. Data represent the results of 


ta obtained on a field test of an experimental machine by the author. 
. Data are manufacturer's x! on large machines of which 8000 tons refrigerating capacity have been sold in recent years. 
eld tests on a unit offered for sale in the commercial 


refrigeration 


a field test by the author. The manufacturer of this 
used in residential and small commercial comfort 


field. 


The figures given for F, G and H are calculated figures and at this time no adequate test data are available. In the case of F and H, laboratory 


tests have been run but the data are not reliable. 
Note: Except for D and E the data refer to air conditioning conditions; T. 
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Fig. 1—Shows rates for equal operating costs compression vs. absorption refrigeration 
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Fig. 2—Shows rates for equal operating costs compression vs. self-energized absorp- 
tion machines 


stantially less than on average com- 
pression equipment. With high 
vacuum, open type, standard ab- 
sorption machines utilizing refrig- 
erant-solvent combinations other 
than ammonia-water, maintenance 
has sometimes presented a very dif- 
ficult problem. On the other hand, 
refrigerant loss in such systems is 
almost unheard of. As a general 
rule, it can be considered that main- 
tenance will be no greater in the 
absorption machine than in the com- 
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pression machine of similar capac- 
ity. 

The complete economic problem 
is one which must be analyzed for 
each particular machine in each par- 
ticular location, but it is hoped that 
the figures and observations pre- 
sented may be helpful. 


Conclusions 


In conclusion, it can probably be 
definitely stated that— 
1. The new interest and the 


recent developments in absorption 
reirigeration have been brought 
about by the economic pressure oi 
unused fuel capacity in the summe: 
time, and the economic pressure o/ 
a new summer peak in electri 
power send-out. 

2. The possibilities for develop 
ment of new absorption cycles ar« 
very great and it can be expected 
that considerable research and de 
velopment will be done in this field 

3. Absorption refrigeration cycles 
will be very prominent in the long 
awaited penetration of the resi 
dential field by air conditioning 
equipment because, at least at the 
present time, it is in this field that 
the new absorption machines hav 
made the greatest developments 
and the best economic showing as 
will be seen by the table and charts 
appended. 

4. Absorption 
once again an economic factor in 
the refrigeration field since within 
six years about 12,000 tons of ca 
pacity have been installed to serve 
such varied functions as oil refin 
ing and residential cooling. 


refrigeration is 
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HE use of gas fuel for heat 
ing boilers is not new. The 60 T T T T T T rT 
problems of burner design 
and application have been dis- | 2 2 a Gee 
: . 
cussed in other reports ol this 3 
iy 7 : ; 40 —— ew 
Society’. For purposes of this he 
: v 
discussion, the developments of ® 50 
burners may be summarized to % 
. " m ~ 
emphasize the relationship of burner S 20} | | 
design and arrangement to auto e 
matic control. ‘The vertically fired P| a | | 
gas burner units, as shown in Fig. 
] . . -} ' 1 a ae Sa oO iM i l ee | i 4 i i ‘oo 
, & now much usec 101 hiring ds 4/2 44 /O g - 7 6 4 4 3 2 
fuel in heating boilers. Percent 00, by Analysis 
The most important feature of 
the vertically fired unit is its ability Fig. 2--Graph showing fuel losses due to excess air 
to effect rapid complete combustion 
in a relatively limited furnace vol 
. “ae * . 0 —_ — . —— 
ume with a minimum amount of . 7. if 7 
excess air. Fundamentally this is — 
: Flee S$ 30-——+ - > ; — 
the primary function of any burner $ 
and it may be explained in terms a i i i } = 
. > : . & 
of the process of combustion. s 
Combustion is simply the chemical ~ oH . 1 i 1 : i = 
a y 
"Natural Gas Equipment, Inc., San Fran- . 
cisco, Calif . x Oo i | i i i 
Vertical Conversion Gas B rners, by I S / 2 5 + s 
Regan. (Heating, Pipis and Air Conditioning, 
Vol. 12, June, 1940 362.) Percent CO Ly Analysis 
Presented at the Semi-Annual Meeting of 
the American Society of HEATING AND : 
VENTILATING ENGineeERS, San Francisco, Calif Fig. 3 Graph showing fuel losses due to CO 
lune, 19 
combination of fuel with oxygen in 
reaction which liberates heat 
The oxygen required for this r 
tion is obtained from the air, s 
that if a fuel is being supplied to 





Fig. 1 
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Photograph of vertically fired gas burner 


a furnace at a given rate, air mus 
also be supplied at a proportional 
rate. A 
carbon pertectly burned will pro 
r CO 


faininoe 
mtainin 


of fuel c ng 


unit 


duce a definite unit of | 
unit is expressed as a percentage 


volume of CO. of the flue gases an 
it is an indication of the maximum 
heat developed 

It follows that losses will occur 
if an excess amount of air is 


] ' 
combustion 


supplied even thoug! 
i These 
shown graphically in Fig. 2. 


versely, due to the law of combining 


losses are 


is complete 


weights, any fuel in excess of 


air is sup 


for which the necessary 
plied will go through the furnace 
unburned and its total heat value 
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Fig. 4—-Flame temperature chart 


COMBUSTION OF NATURAL GAS 
OSTWALD CHART. 


Analysis of the gas: 
o Methane, CH 81% 
‘\ Ethane , Coli, 19% 




















































































































3 B.T.U. per cu. ft. 1165 
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Fig. 5—Chart used for checking combustion analysis 
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Table 1—Thermal Efficiencies Obtained Using Intermittent Control 
| | 
INSTALLATION 1 2 3 | 4 5 6 7 
Boiler Type Cast-Iron ‘Cast-Iron Steel Steel | Steel Steel Scot 
Boiler Rig! Sq Ft Rad. | 1815 36 10000 6080 5280 1800 66 hp 
Burner Type........ i V.V.a M.J.V.t M.J.V. V.V. .:- V.V. | V. Horiz 
Gas Pressure 2° WC 4 oz 8 oz 3.7° WC | 3.1° WC 4.1 | 1.51b 
Gas Input Cu Ft-Hr 545 575 2890 1500 1050 450 | 2500 
Per cent Rating 100 57 100 82.5 76.6 96 o4 
COs, Per Cent | 10.2 9.6 11.0 9.5 10.0 96 | 9.5 
Os, Per Cent 3.3 4.2 2.0 4.2 | 3.8 42 4.5 
CO, Per Cent 0.0 0.0 0.0 0.0 | 0.0 0.0 0.0 
Excess Air, Per Cent 17 24.5 10.0 25.0 | 19.5 | 23.0 25.0 
Stack Temp. F | 575 555 480 470 395 150 480° 
Stack Draft In. WC. 0.04 0.05 0 035 02 0.03 0.01 0.12 
Been. 2 SOR 78.5 74 | 81.4 80 5 82 81 80 2 
Control Type Inter Inter Inte Inter Inter | inte r Inter 
Control On A.M ‘ 4:00 | 6:00 4:30 6:30 | 5:30 
Off A.M 9:00 9:00 9:00 10:30 =| 0:45 
On P.M 4:00 4:00 1:00 | 3:30 | 4:30 
Of P.M 10:00 9:00 10:00 | 10:30 | 8:45 
Heat input Stack loss 
° Efficiency = 100 x — 
Heat input 


s Venturi Vertical Type 
Multiple-jet Vertical! Type 
Venturi Horizontal Type. 


will be lost. Fig. 3 is the curve 
indicating percentage of fuel loss 
when unburned gases are present. 

It will be noted from the curves 
in Figs. 2 and 3 that the losses due 
to unburned fuel are correspondingly 
greater than the losses due to ex- 
cess air. However, the factor of 
excess air is of more interest 
because gas analyses less frequently 
show unburned fuel. Excess air not 
only directly increases the stack 
increase of the sensible 
heat of the gases, but also indirectly 
by decreasing the flame tempera- 
tures. Fig. 4 indicates the effect of 
excess air on flame temperature of 
an average natural gas. The suc- 
cessful application of gas fuel in 
vertically fired units is largely 
dependent upon effective heat trans- 
mission by radiation from the flame 
to the direct heating surfaces of the 
boiler, which quantity is directly 
proportional to the differences in 
absolute temperatures to the fourth 
power. For this reason, if complete 
combustion is obtained the excess 
air should not exceed from 20 to 
25 per cent. A useful means of 
checking combustion analysis is the 
chart shown in Fig. 5 

The arrangement of the burners 
with reference to the heating sur- 
faces of the boilers is greatly im- 
proved through the use of vertically 
fired units. The accomplishment of 
rapid complete combustion effects 
a short flame length, and the burn- 
ers may be suitably placed in posi- 
tion with respect to the water legs 
and crown sheet to afford more 
effective and longer travel of the 
products of combustion. Burner 
arrangements will depend upon the 
burner characteristics and boiler 
design. Generally the manufac- 


losses by 
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turer of such equipment has data or 
recommendations for the most effec- 
tive use of his equipment. 
Automatic 
equipment has engaged the at 


control of gas fired 
tention 
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Illustration of a typical modulat- 
ing control 


Fig. 6 


of all gas engineers and is discussed 
herewith. The measure of adapta 
bility of any fuel, or the equipment 
employed to utilize it, is the relative 
facility with which it may be eff 
ciently controlled. 

The question of relative efficiency 


Table 2 








of intermittent (full off and full on 


and modulating control arises fr 
quently. Each of these types has 
definite spheres of application In 
stallations which are intermittent in 
operation or have intermittent load 


demands, will almost invariably 


operate more efficiently, as judged 
from fuel usage, if they are inter 
mittently controlled Table 1 is a 
tabulation of test data taken from 

large number of tests, which indi 
cates the average high efficiencies 
obtainable with intermittent control 


Hundreds of installations of this 


] 
; 


tvpe provide the conclusion at 


regardless of boiler tyyx Ol SIZC, 
controls of vertically 


efficient thai 


intermittent 
fired units are more 
modulating controls. The only lim 


assertion is that 


tation to this 
boilers are sized to the load and thi 
burner capacity is within limits to 
afford safe and proper ignition. The 
maximum size or capacity of the 
burner is limited only by this latte: 
qualification. A further conclusion 
reached by the study of these results 
is that vertical multiple jet or ver 
tical venturi type burners are equally 
efficient when they have been prop- 
erly applied. 
There are 
load requirements may cause short 
maximum peak periods with no 
mal operating periods and frequent 
off periods. To meet these condi 
tions requires either step control 
intermittent sectional control to 
avoid rapid cycling or short firing 
intervals. This is 
operation of two burner 
each operated independently of the 
other. Table 2 gives the test data 
on two installations controlled by the 
intermittent sectional method. Each 
burner bank is individually con 
trolled. It will be noted that in 


instances in whicl 


essentially the 


sections. 


Thermal Efficiencies Obtained Using Sectional Intermittent Control 


I 2 
A | B Cc A B ( 

Boiler Type Steel Firebox | Steel F x 
Boiler Rating 17420 Sq Ft Rad 80 Hp 
Bt urner Type Vertical Multiple-jet rtical Multiy 
Gas ‘Tape it Cu Ft Hr 4100 2650 1900 | 41750 3400 3M) 

COs, Per Cent 11.0 7.5 60 | 95 90 gO 

Os, Per Cent 1.9 78 10.5 43 ; 7.1 

CO, Per Cent 0.0 0.0 0.0 0.0 0.0 0.0 
Excess Air, 33 Cer 90 M0 92.0 40 22 0 17 0 
Stack Temp | 330 305 205 650 R80 ‘7 
Stack Draft tn. wc 0.08 0.08 | Oo8 0.11 0.13 | 00 
Efficiency, Per Cent 84.8 83 4 ] 82 2 759 77.1 78 8 
Percent Boiler Rtg 82 53 38 152 110 7 

Tests A: Both Sections firing 

Tests B: Large Sections firing. 

Tests C: Small Sections firing. 

Large section approximately 2/3 capacity) 

Small section approximately 1/3 capacity 
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Table 3—Thermal Efficiencies Obtained Using Modulating Control 








Sree. Firesox 


Boi_er CLass 
18000 So Fr Rap. Max. 


Boiter RATING 


BURNERS VERTICAL VENTURI TYPE 
Test A Test B Test C 

Gas Pressure Oz 14 9.5 4 
Gas Input Cu Ft/Hr 6000 5150 3550 

CO:, Per Cent 9.0 94 9.6 

Ox, Per Cent 58 40 4.0 

CO, Per Cent 0.0 Tr 0.0 
Excess Air Per Cent 33 20 21 
Stack Temp. F 540 510 430 
Stack Draft In. WC 0.25 } 0.18 0.07 
*Efficiency Per Cent 78.1 | 78.1 81.5 
Per cent Boiler Rtg 124 106 72 


Test A, Maximum Fire. 

Test B, Normal Operating Range 

Test C, Holding Fire 

Heat input——-Stack loss 

Efficiency = 100 x — 
Heat input 








/ a 3 
Gas Fressure in Pounds 











Fig. 7—Graph showing fuel air ratios to maintain maximum CO, in 300 hp boiler 



















































































Fig. 8—Diagram showing installation of fuel air ratio controller 
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Fig. 9 (Above and on opposite page) 

Flow chart and ranarex CO, recorder 

strip from an installation using fuel air 
ratio control 
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Test No. 1 of Table 2 that no stack 
control was provided and the excess 
air was 92 per cent with only the 
small burner bank operating. Test 
No. 2 of the same figure indicates 
that with the use of draft control 
excess air was 42 per cent. The 
problem created by this method of 
firing is strictly one of proper draft 
regulation, and to secure desirable 
results under the normal operating 
load requires proper draft adjust- 
ment at that rate. A method pref- 
erable to bank or sectional operation 





he 
Au 





is a step control of the entire burner 
assembly which affords more accu- 
rate control of air, provided the 
burners possess suitable turn-down 
characteristics. 

The application of modulating 
controls, of which Fig. 6 is typical, 
is suitable for both heating and 
power boilers which carry con- 
tinuous modulating loads. It is 
also used more generally for hori- 
zontally fired units. The modulating 
controls employ a steam actuated 
throttling control valve, and either 
incorporated in it, or functioning 
with it, some mechanism capable of 
operating louvers and dampers. 
This arrangement offers a semblance 
of fuel air ratio control. Table 3 
shows results derived from a control 
of this type. 

Greater refinements in fuel air 
ratio controls are justified by the 
fuel saving in larger boilers requir- 
ing modulating control. The modu- 
lating control already described, and 
others of its type produce a straight 
line characteristic of fuel to air. 
Theoretically this is correct in that 
the ratio of fuel to air should re- 
main proportional at all loads for a 
gas of any given composition. Prac- 
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tically, however, this is not true in 
boiler application for the reason that 
excess air is always required beyond 
the theoretical value to insure com 
plete combustion. It is necessary to 
increase the percentage of excess air 
as the upper limit of furnace ca- 
pacity is reached. Fig. 7 shows the 
deviations that occurred in one 
example and it will be found to be 
characteristic of all boilers to a 
greater or lesser degree. The varia 
tions which occur in stack draft will 
also affect the shape of the curve. 
Stack drafts are not constant at any 
given time for a given firing rate. 
Therefore to secure proper fuel air 
ratios at all rates of firing and under 
all draft conditions requires a 
mechanism which will automatically 
compensate for any changes in either 
of these two conditions. In_ its 
simplest form it consists of a draft 
diaphragm which is balanced against 
a gas pressure mechanism, thereby 
balancing the forces of draft against 
fuel. A change in either one or both 
of these forces operates the pilot 
valve arrangement to admit or re 
lease air pressure on a damper dia- 
phragm. This provides independent 
movement of the damper and any 
changes in draft due to changes in 
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Fig. 10—Drawing showing burner in- 
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stack effect, other than that for 
which the instrument is calibrated, 
will be corrected immediately by the 
automatic adjustment of the damper. 
Fig. 8 is the diagrammatic arrange- 
ment of a fuel air ratio control 
applied to a boiler. It will be noted 
that the measurement of air flow 
through the boiler, in other words, 
the draft loss through the boiler is 
taken as a measurement of air rate. 
The fuel pressure, controlled by the 
fuel governor, is taken as the meas- 
ure of fuel rate. The air rate and 
fuel rate are balanced by the instru- 
ment, which is initially set by Orsat 
analysis. The quality of sensitive 
fuel air ratio control may be ob- 
served in Fig. 9 which indicates the 
CO» maintained .with load fluctua- 
tions shown on the flow chart. 

The reference to sectional opera- 
tion of vertically fired units has its 
parallel in horizontally fired units. 
The requirement of burner capacity 
to satisfy maximum peak loads of 
short duration considerably in ex- 
cess of normal operating demand 
justifies the application of this type 
of control. Fig. 10 shows the burner 
application in a 600 hp boiler. The 
maximum demand on this boiler is 
approximately 1500 hp and normal 
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operation is less than nominal rating. 
The wide variation in load demands 
of this character is a severe measure 
of the flexibility of any burner or 
control equipment. Therefore the 
two upper burners are supplied from 
a gas line separate from the three 
lower burners. The registers of the 
two upper burners are controlled 
individually from those on the three 
lower burners, and the louvers in 
the windbox are likewise controlled 
separately. 

The control system employed in 
this installation as shown in Fig. 11 
is essentially the same as described 
in Fig. 8 with the following differ- 
ences: The valves in the supply 
lines to both banks of burners are 
motor valves with gradual opening 
seats affording a parabolic flow 
characteristic. The motor valves are 
controlled by the valve positioner 
which varies the flow through them 
in direct proportion to the control 
pressure. This makes it possible to 
use any number of valves in similar 
manner, and exactly proportion the 
flow through them. 

The master controller, which is 
sensitive to changes in steam pres- 
sure, transmits an impulse to the 
fuel control valve and to the air con- 


trol simultaneously. The air con 
trol regulates the differential across 
the boiler, which produces a definite 
rate of flow for a given fuel demand 
by controlling dampers, louvers and 
air registers as required. A decreas« 
in load beyond that which is desired 
to operate all burners, will be 
reflected in the gas pressure to the 
burners, and the pressure switch 
installed in the line to the three 
lower burners will close the fuel 
valve in the line to the two upper 
burners. Increasing demand will 
cause the valve to open again. 

The measurement of regulation o! 
the air supply is made between tl 
windbox and furnace. When the 
gas is shut off from the two upper 
burners, thereby reducing the tota! 
burner orifice capacity by 40 per 
cent, the registers of these burners 
are closed to reduce the air orific 
area by the same proportion. This 
permits the functioning of the ratio 
control without compensating ac 
justment. 

The subject of automatic pilot 
control equipment is indeed a con 
troversial one. Until recently th: 
larger number of heating boiler 
have been equipped with plain pilo' 
which have been developed to 
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Fig. 11—Drawing showing control system in a 600 hp water tube boiler 


reasonable point of stability for use 
with both vertically fired units and 
horizontally fired units. 

The successful application of 
automatic pilot control may be con- 
sidered only as a minimum safety 
requirement. As such, the auto 


NORTH CAROLINA 
HOLDS SUMMER MEETING 


The North Carolina Chapter 
members held their summer meet- 
ing at the Berkshire Hotel, Pine- 
hurst, N. C., July 18-20, and ac- 
cording to President Wallace, was 
well attended. 

Among the members who attended 
with their wives were: Messrs. C. Z. 
Adams, P. L. Guest, H. H. Hill, 
F. E. Klages, Arvin Page, L. L. 
Vaughan, and W. M. Wallace, II. 
Other members present were: 
Messrs. E. R. Harding, Harry Hoff- 
man and R. B. Rice. Also in at- 
tendance were Mr. and Mrs. A. H. 
Koch, who came up from Atlanta, 
Mr, and Mrs. Karl Selden and the 
guest speaker, Mr. Burch and his 
wife. Mr. Koch is the secretary of 
the Atlanta Chapter of the ASHVE. 

Swimming was enjoyed on Fri- 
day afternoon, and in the evening 
the Board of Governors held a meet- 
ing at which Mr. Rice acted as 


matic pilot control must be capable 
of igniting the entire burner assem- 
bly without any assistance of plain 
gas pilots, and it must be sufficiently 
rugged to withstand furnace condi- 
tions imposed upon it in heating 
boilers. It should also in the event 


proxy for the secretary, F. J. Reed, 


who is now in Washington with 





(Top) North Carolina Chapter Presi- 

dents—Past and Present: R. B. Rice— 

1939, Arvin Page—1940, W. W. Wallace, 
Il—1941 


(Center) Bridge Foursome at Pinehurst: 
Mmes. Selden, Hill, Wallace and Adams 


(Bottom) At Pinehurst Meeting: Messrs. 
Klages, Page, Harding and Wallace 


Heatinc, Preing ann Ain Conpiriontnc. Ocroner. 194] 


of failure of the automatic itself, fail 
safely. There has been a reticence 
to endorse the use of any particular 


type of pilot, probably for the reason 
that the past recalls experiences of 
pilot failures. However in light of 
recent developments more thought 
should be given to their use. There 
is a growing tendency to adopt auto 
matic pilots which operate on the 
principle of flame conductance on 
the larger heating as well as power 
generating boilers, Cost has retarded 
the acceptance of these types, but 
it should be placed above all else 
that positive ignition failure protec 
tion may only be evaluated in terms 
of resulting disaster, which in any 
case would be considerably greater 
than the cost of the most perfect 
control. Therefore in the applica 
tion of any fuel, automatic pilot con 
trol systems, equal to the function 
they must serve, must be judged on 
the protection they afford and not 
the initial cost. 

The general rule observed in all 
cases, regardless of whether auto 
matic control is used, is to select 
plain gas pilots which are stable and 
durable in boiler furnaces, and to 
place a sufficient number of them in 
a manner to provide rapid and posi 
tive ignition of the burner assembly 


the Naval Ordnance Laboratory 
Mr. Adams acted as temporary sec 
retary. 

Saturday was devoted to golf and 
bridge, with a business session fol 
lowing luncheon. The banquet was 
held in the evening and Mr. Burch 
presented an interesting talk with 
illustrated colored slides showing 
the progress of the Great Smoky 
Mountain National Parkway, which 
connects with the Skyline Drive, 
originating in Virginia. Following 
Mr. Burch’s talk, Mr. Rice pre 
sented a colored motion picture 
with sound effects showing many of 
the historical and scenic views of 
North Carolina. Mr. Klages acted 
as toastmaster, and Mr. Adams pre 
sented the prizes for golf, bridge 
and ping-pong. 

The three-day visit of the North 
Carolina members to Pinehurst was 
enjoyed by all and the success of 
this meeting means that it will be 
come a regular feature. 
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Philadelphia Invites 
You for ’°42 


45th Annual Meeting 
and 
¢th International Exposition 








Committee on Arrangements 
M } Blankir General { mr) 


H. Berkley Hedges R. D. I tor ‘ B. I t | 


Vice ( hairmay , retar 





EMBERS and friends of Honorary Committee 


the AMERICAN SOCIETY Membes 
or HEATING AND VEN- Homer A | 
a“ a : ° ( \ Rat \ \\ La 
TILATING ENGINEERS are invited to 7 
° ( ‘ ivnes 
spend the week of January 26, 1942 
. ° ‘ . - , Hotels: Karl Rugart hairma —e , ¢ 
in Philadelphia when the Society Pabiiche: 1. Hi. Hecker. Cheirmes nspections: E. H. Dafa 
holds its 48th Annual Meeting at iit: UT 2 Coie Chole nance ~ ¢ : tw hair 
# 3 cs ns X I Inger naww 

the Bellevue-Stratford Hotel, the Ladies: Mrs. M. F. Blankin, Chairmar ast atiihia ‘saeedl Genie - oF he 
National Warm Air Heating and Banquet: H. H. Erickson, Chairmas hairma 











Air Conditioning Association con- 
venes at the Benjamin Franklin 





ERR I= RECN oe es 


OR RIN 8 


and the 7th International Heating 
and Ventilating Exposition will be 
housed at the Commercial Mu- 
seum. 

A diversified program of tech 
nical sessions, entertainment and 
inspection trips has been planned 
by the Committee on Arrange- 
ments, of which M. F. Blankin is 
General Chairman and he extends 
a cordial invitation to all ASHVE 
members to enjoy the hospitality of 
Philadelphia in January. Head- 
quarters for ASHVE meetings will 
be at the Bellevue-Stratford Hotel. 

Philadelphia offers a variety of 
attractions and much of historic in- 
terest to the visitor. Since the So- 
ciety’s last visit a national shrine 
to Benjamin Franklin, the Society's 
patron saint, has been established 


ing, ventilating and air conditioning 
equipment have already reserved 
8O per cent of the available space 
in the 7th International Heating 
and Ventilating Exposition 

With progressive industrial ex 
pansion an outstanding characteris 
tic of the current year, it has been 
forecast that the average level of 
business will reach the highest pro 
duction point in one hundred years 
This serves to emphasize some of 
the pressing engineering problems 
connected with comfort, efficiency 
and the health of the public which 
need prompt solution. 

According to a statement by Wal 
ter L. Fleisher, President of 
ASHVE, recognition of the So 
ciety’s leadership in research and its 
allied fields of activity has been 


which require immediate answers 
important defense problems. For 
these investigations, much of é 
research and capacity of our lab 
iratories have been assigned 
Because heating, ventilating and 
air conditioning are essential indus 
tries, they enter into every indus 
trial and public building progran 
lor the army camp or home to 
maintain comfort, efficiency and the 
health of the occupants heating, 
ventilating and air conditioning 
must play an important part. For 
this reason, the exhibits of manu 
facturers at the 7th International 
Heating and Ventilating Expos 
tion take on increasing importance 

The thinking of leaders in th 
held encourages the adoption of r 


search results into practice as rap 


in Philadelphia by Franklin Insti- given by government departments idly as possible. For that reason the 
tute. 

With the combined attractions of | 
a varied technical program, an ex- 
tensive exposition of modern equip- 


ment, and a series of attractive so- 





Liberty Bell 


The Liberty Bell, which first proclaimed American Independence. is preserved in Inde 
1 


pendence Hall. It still hangs upon its original beam. It was originally cast in England 


. > ‘ 4 and brought to Philadelphia in 1752 to be hung in the State House (Independence Hall) 
cial functions, Philadelphia offers for the purpose of summoning the members of the Colonial Assembly of that time to its 
. . . meetings. While being taken from the ship it was cracked and recast in 1755 in Phila 
a week ot en} wable events in Janu- delphia. Following the signing of the Declaration of Independence it was rung on every 

i ' subsequent Fourth of July, umtil the year 1835, when it was cracked while being toll 


ary. for the burial of Chief Justice Marshall. 


Leading manufacturers of heat- 
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Independence Hall 


& 
Ventilating Exposition, while pre- 


Seventh International Heating 
senting a complete panorama of the 
industry’s progress, has the atmo- 
sphere of an engineering congress, 
rather than a merchandise display. 


According to an announcement 
by Charles F. Roth, manager of the 
Exposition, President Fleisher has 
accepted the chairmanship of the 
\dvisory Committee of the Exposi- 
tion. 


CHAPTER SPEAKERS 


FOR OCTOBER 


Plans prepared by th 


e 


Loca 
Chapters Committee, of which E. K 
Campbell is Chairman, have be« 


approved by the Council, and Lox 
Chapters that desired the assistan: 
of the Speakers Bureau will hx 
the subject of research discussed 


their October Meetings. 
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Dr. F. E. Gtesecke 
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Northern Ohio, October 20, Ni 
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Nort 
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Acoustical Society of America 


John W. West, Jr., Sec’y., Residential 


American Gas Association 
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NOMINATIONS FOR 1942 





Nominations for Officers 
and Council 


The Nominating Committee appointed to select can- 
didates for Officers of the Society for the coming year, 
1942, submits the following list of nominees: 


For President: 
E. O. Eastwoop, Seattle, Wash. 


For First Vice-President: 
M. F. BLrankin, Philadelphia, Pa. 


For Second Vice-President: 
S. H. Downs, Kalamazoo, Mich. 


For Treasurer: 
FE. K. CAMPBELL, Kansas City, Mo. 


For Members of the Council: 
Three-Year Term 
L. G. Mirrier, East Lansing, Mich. 
A. J. Orrner, New York, N. Y. 
A. E. Stacey, Jr., New York, N. Y. 
B. M. Woops, Berkeley, Calif 


Respectfully submitted, 
NOMINATING COMMITTEE, 
F. C. McInrosu, Chairman. 


In accordance with the provisions of the Society’s 
Constitution, By-Laws and Rules, ballots containing the 
names of the above candidates will be sent to the mem- 
bership for voting upon prior to the Annual Meeting in 
January. 


Art. B-V11I—Section 11. The Nominating Committee shall 
consist of one (1) member eligible to vote designated by each 
Chapter, or his alternate also appointed by the Chapter. The 
Secretary of each Chapter shall certify to the Secretary of the 
Society on or before January first the names of the member 
and alternate selected. 


The Committee shall meet at the Annual Meeting of the So- 
ciety at the call of the Secretary of the Society and shall effect 
its own organization and elect its own Chairman. At the Semi- 
Annual Meeting of the Society, if possible, the Nominating 
Committee shall select the nominees for the ensuing year for 
the offices of President, First Vice-President, Second Vice- 
President, Treasurer, and four (4) members of the Council. 
In any event the names of the nominees shall be certified to the 
Secretary of the Society before September twentieth, with the 
written consent of each nominee to fill the office for which he 
has been selected and their names with the offices to which they 
have been nominated shall be published in the October issue of 
the JouRNAL 


Art, B-IX—Section 2. The Secretary shall prepare ballots 
with the names of all candidates and forward them to the mem- 
bers, eligible to vote, at least thirty (30) days before the date 
of the Annual Meeting. 


Heatinc, Prpinc anp Am Conprrioninc, Ocroser, 1941 


Nominations for Members of Committee 


on Research 


Although committees of the Society are usually ap 
pointed, in view of the great importance of the Com 
mittee on Research and the financial responsibility it 
would be called upon to assume, it has been made more 
representative of the entire membership of the Society 
by a process of election. The election is governed by 
the By-Laws for the election of officers, with the single 
exception that Members of the Committee on Research 
are nominated by the Council instead of by a Nomunat 
ing Committee. 

In accordance with the Regulations for the Govern 
ment of the Research Laboratory, the Council announces 
the nomination of the following members of the Com 
| 


Use 


mittee for election to succeed those members w 
present terms expire January, 1942 


7 hr: €- Ye ar ] crim 


C. F. Borster, St. Louis, Mo 

J. A. Gorr, Philadelphia, Pa. 

W. E. Herper, New York, N. Y 
C.-E. A. Winstow, New Haven, Conn 


B. M. Woops, Berkeley, Calif, 


The regulations governing the nomination and elec 
tion of members of the Committee on Research are as 
follows: 


ARTICLE I]—ORGANIZATION 


Section 1. Committee on Research—There shall be a stand 
ing committee known as the Committee on Research, consisting 
of fifteen (15) members each serving for three (3) years and 
five (5) retiring each year. The outgoing Chairman if serving 
in that capacity during the last year of his three (3) year term 
on the Committee shall without election become an additional 
member of the Committee on Research for one (1) yea 


(a) The Council shall nominate previous to July first of each 
year five (5) members to fill the vacancies of those retiring at 
the next Annual Meeting. 


(b) The nominations made by the Council shall be published 


in the October issue of the Society's JourNAI 

(c) Any ten (10) members of the Society eligible to vote 
may present to the Secretary over their signatures, the name 
of one (1) or more additional nominees for the Committee on 
Research, provided such name or names are presented at least 
sixty (60) days prior to the next Annual Meeting, and such 
additional nominations shall be placed on the ballot opposite the 
nominations made by the Council 

(d) The election shall otherwise conform to the regulations 
provided for the election of officers of the Society in the Con 
stitution, By-Laws and Rules. 

(e) Vacancies may be filled by the Council, such persons 
chosen by the Council to serve until a successor is elected at the 
next Annual Meeting. 
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The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the JouRNAL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 


Committee on Admission and Advancement as soon as possible. 


When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his 


grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. 


During the past month 


10 applications for membership have been received and the names of these men and their sponsors are published in the following list 


Members are requested to scrutinize the list with care. 


The Committee on Admission and Advancement, and in turn, the 


Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 
All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. 


Unless objection is made by some member by October 15, 1941, these candidates will be balloted upon by the Council. Thos 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


Burnap, Cuaries H., Sales Engr., The A. K. Howell Co., St. 
Louis, Mo. 

BurTcHAELL, JAMEs T., 
Ore. 

Ess_ry, Hupert A., 
phia, Pa. 

Gates, A. S., Jr., Associate Engr., Naval Architect, Bureau of 
Ships, U. S. Navy, Washington, D. C. 

Gitgoy, Joun P., Senior Member, John P. Gilboy Co., Scranton, 
Pa. (Reinstatement ) 

Hype, Dayton F., Vice President, D. F. Edwards Heating Co., 
St. Louis, Mo. 

Lick, WALTER W., Mgr., Bell & Gossett Co., Pittsburgh, Pa. 


President, Rushlights Inc., Portland, 


Sales Engr., Taco Heaters Inc., Philadel- 


PETERSON, WALTER E., Design Engr., Sanderson & Porter, Chi- 
cago, IIl. 

Setr, V. Froyp, Sales Engr., Anemostat Corp. of America, New 
York, N. Y. 

SHEPARD, Cart R., Inspection Engr. (Mech. Equip.) Federal 
Works Agency, Public Buildings Administration, San Fran- 
cisco, Calif. 


REFERENCES 


Proposers Seconders 


L. J. DuBois FE. F. Weber, J: 
R. C. Smith H. C. Sharp 

3. F. Farnes I. F. McIndoe 
T. E. Taylor J. A. Freeman 
M. F. Blankin C. F. Dietz 

H. H. Erickson \. E. Kriebel 
T. H. Urdahl W. C. Whittlesey 
E. R. Queer R. M. Watt, Js 
W. H. Heagerty 3. B. Mahon 
M. W. Ehrlich E. J. Kiefer, Jr 
M. F. Cariock Ek. E. Carlson 
C. E. Hartwein L. W. Moon 

I H. Gaylord R. E. Moore 

P. A. Edwards C. E. Pullum 
M. J. Stevenson J. E. McClellan 


H. P. Reger 

I’, Honerkamp 

Elliot Goldsmith 
C. L. Peterson 

E. M. Goodwin 


C. C. Hellmers, Ir. 
|. B. Hewett 

H. K. Kunen 

M. F. May 

E. J Ritchie 











In the past issues of the JourNnaL of the Society the names of the following men were listed as Candidates for Membership. The 
membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by the 


Council. 
ing list of candidates elected: 


MEMBERS 
Cottrns, Leo F., Chemist, The Detroit Edison Co., 2000 Second 
Ave., Detroit, Mich. 


Executive Partner, Sawyer-Hare Furnace 
(Reinstatement) 


Hare, Witrrep A., 
Co., Detroit, Mich. 

Howes, Epwarp W., Dist. Repr., General Electric Co., San 
Francisco, Calif. 

KrApooHL, WittiaM, Senior Engr. (Htg.) Zone Constructing 
Quartermaster, U. S. Government, Boston, Mass. 

RAIsLeR, Ropert K., Treasurer, Raisler Corp., New York, N. Y. 
(Advancement) 

SMALL, Ray A., Mech. Engr., Dept. of Agriculture, Washing- 
ton, D. C. 

SeretH, BenyAmin, Chief Engr., Modine Mfg. Co., Racine, Wis. 

WituiaMs, Dona.p L., Sales Engr., General Air Cond. & Htg. 
Co., Oakland, Calif. 

WurrtLesey, WetsH C., Engr. (Naval Arch.) Navy Dept., 
Washington, D. C. 

Yerkes, WriiraAm L., Engr., Carrier Corp., Philadelphia, Pa. 
(Reinstatement) 
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We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 8, of the By-Laws, the follow 


ASSOCIATES 
Hoecker, Georce F., Jr., Sales Mer., Plbg. & Htg., Sears, Rox 
buck & Co., Union City, N. J. 
MUENZENMAYER, WILLARD R., Owner & Mer., Muenzenmaye 
Sheet Metal Co., Junction City, Kans. 
WATERFALL, WALLACE, Director of Research Engrg., The Celo 
tex Corp., Chicago, IIL. 


JUNIORS 


HeckeL, Epmunp P., Jr. Engr., Buffalo Forge Co., Buffalo, 
PaLuMBo, Bernard F., Htg. & Vtg. Engr., N. A. Sperry, 

Bridgeport, Conn. 
Wricut, Norman S., Jr., Sales, Norman S. Wright & Co., Sau 


salito, Calif. 


STUDENT 


Link, CHartes H., Student, Michigan State College, F 


Lansing, Mich. 
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